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ABSTRACT 


The  Infrared  absorption  of  carbon  dioxide  has  been  calculate'’ 
over  a  wide  range  of  path  length,  pressure,  and  temperature  from  500 
to  10,000  cm'^.  The  results  are  presented  in  extensive  tables  which 
give  the  transmission  over  intervals  of  5  cm'^  and  also  averaged  over 
larger  intervals.  The  calculated  data  representing  the  intensity, 
position,  and  number  of  spectral  lines  in  a  given  frequency  interval 
is  tabulated  in  a  form  which  is  useful  for  further  transmission  cal¬ 
culations.  All  lines  from  all  isotopic  species  having  an  intensity 
greater  than  10'^  of  the  strongest  line  in  an  absorption  region  were 
included  in  the  calculation.  The  transmission  values  were  calculated 
from  the  quasi-random  model  which  simulates  the  actual  frequency  and 
intensity  distributions  of  spectral  lines  better  than  previous  loodels. 
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SECTION  1 


INTRODXTION 


The  amount  of  infrared  radiation  which  is  transmitted  through 
the  earth's  atmosphere  is  determined  largely  by  the  behavior  of  two 
molecules:  carbon  dioxide  and  water  vapor.  In  this  report  a  method 
is  described  for  the  calculation  of  the  spectral  transmission  of  carbor 
dioxide  over  a  wide  range  of  infrared  frequencies.  The  results  which 
were  calculated  on  high  speed  digital  computers  are  presented  in  the 
form  of  extensive  tables.  A  companion  report  (SSD*TDR-62'127  -  Volume  ll) 
presents  similar  data  for  water  vapor. 

The  most  extensive  transmission  tables  which  hav|  previously 
been  calculated  are  those  of  Ballard,  Larmore,  and  Passman^.  Their 
tables  cover  a  wavelength  range  from  0.3  to  7.0  u  at  intervals  of  0.1  pi  . 

The  results  are  for  one  temperature  (300°K)  and  one  pressure  (1  atmosphere). 
They  assumed  that  the  transmission  is  given  by  the  Elsasser  model.  In 
particular,  they  used  the  error  function  approximation  for  the  Elsasser 
model  which  is  of  limited  accuracy  at  the  higher  pressures  and  shorter 
path  lengths.  Furthermore,  the  Elsasser  model  sometimes  provides  a  poor 
representation  of  the  transmission  of  the  carbon  dioxide  spectrum 
mainly  because  of  the  variation  in  line  intensity  from  one  line  to  the 
next.^ 


Tables  of  carbon  dioxide  transmission  are  presented  in  this 
report  for  the  frequency  range  from  500  cm~^  (20  microns)  to  10,000  cm~^ 


^S.  S.  Ballard,  L.  Larmore,  S.  Passman,  Fundamentals  of  Infrared  for 
Military  Application,  The  Rand  Corporation,  R-297,  March  31,  1956  (C) . 

R.  Stull,  P.  J.  Wyatt  and  G.  N.  Plass,  Bull.  Amer.  Phys.  Soc. 

336  (1961);  J.  Opt.  Soc.  Amer.  1209  (1962). 
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(l|i)  at  Intervals  of  2.5  cm'  for  three  temperatures  (300  ,  250  ,  200°K) , 
seven  pressures  (1.00,  0.50,  0.20,  0.10,  0.005,  0.002,  0.001  atm),  and  for 
flfteed  amounts  of  CO2  between  0.2  and  10,000  atm.  cm.  '  These  temperatures 
and  pressures  cover  the  range  of  values  which  occur  in  ^he  earth's 
atmosphere  at  altitudes  where  thermal  equilibrium  occurs.  At  higher 
altitudes  calculations  which  assume  equilibrium  are  invalid.  However, 
this  is  not  a  serious  limitation  since  for  most  paths  almost  all  of  the 
absorption  of  infrared  by  carbon  dioxide  occurs  below  these  altitudes."" 

These  calculations  were  carried  out  using  the  quasi-random 
mooel  which  is  capable  of  representing  the  spectral  transmission  of 
molecular  gases  quite  accurately.  A  detailed  description  of  this  model 
is  given  in  SSD-TRD-62-127  -  Volume  II. 

In  Section  2  the  molecular  stricture  of  CO2  is  described  to¬ 
gether  with  the  rotational  and  vibrational  motions.  The  intensities 
and  frequencies  of  the  spectral  lines  are  described.  In  Section  3  the 
details  of  the  calculation  of  the  transmission  tables  are  described. 


SECTION  2 


MOLECUi.>.R  STRUCTURE  OF  CARBON  DIOXIDE 


2 . 1  VIBRATIONAL  ANALYSIS 

Carbon  dioxide  is  a  linear  triatomic  molecule  whose  vibra- 


tional  energy  levels  are 

given  by^ 

3 

3 

c— ♦ 

G(Vj,V2,Vj;^)  -  ) 

(Oi  (v^-Hsd^)  +  ^  2^  x^j(v^-Hsd^)(Vj4^dj 

i-l 

i-l  j2i 

1 

(1) 

+  Z  Z  E  Y^j^(v^Hd^)(Vj+l,dj)(v^4.^d^)  +  ...  +  822  ^^ 

i-1  j2i  k>J 


where  vibrational  quantum  numbers,  d^  are  the 

vibrational  degeneracy  indices  which  for  triatomic  linear  molecules 
have  the  values  d]^  ~  d^  >  I,  d2  ~  2,  i  is  the  quantum  number  repre¬ 
senting  the  angular  momentum  associated  with  the  degenerate  vibrational 
mode  about  the  symmetry  axis  of  the  molecule  and  can  assume  the  values 
V2i  V2-2,  V2  *  A,  . . . , 1  or  0  depending  on  whether  V2  is  odd  or  even. 

The  coefficients  x^j,  g22  can  be  expressed  in  terms  of  the 

potential  constants  for  the  molecule.  However,  they  are  usually 
determined  directly  by  fitting  Eq.  (1)  to  a  series  of  measurements 
of  vibrational  energy  levels. 


3 

G.  Herzberg,  Infrared  and  Raman  Spectra,  D.  Van  Nostrand  Co. ,  Inc. , 
Princeton,  1945. 
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For  lower  order  energy  levels  (small  .values  of  Vj^.v^.v-), 
it  Is  usually  sufficient  to  retain  terms  to  second  order  In  v^  in 
Eq.  (1)  in  order  to  determine  the  energy  accurately.^  However, 

Courtoy^  has  shown  that  the  inclusion  of  third  order  terms  in  Eq.  (1) 
determines  the  vibrational  energy  to  within  1  cm'^  for  nearly  all 
values  of  the  quantum  numbers  v^  which  are  of  interest.  The  best 
values  of  the  vibrational  constants  as  determined  by  Courtoy^  are  given 
in  Table  1. 


The  vibrational  constants  are  in  general  different  for  each 
isotopic  species.  The  constants  given  in  Table  I  for  symmetric  isotooic 
species  such  as  and  we^e  determined  from  those  for 

by  means  of  these  relationships  given,  for  example,  by  Herzberg:^ 


(0 


(i)  . 


<0, 


liOl 


m(0) 


(i) 


1  ’ 


(2) 


(i)  a.  (i) 


CO  , 


(0  , 


siox 


2m(0)^^^ 

1  +  “^Tc) 


"<«)“> 


‘'2  ■  >'3 


(3) 


(i) 


X . .  P  ,  P  .  , 
ij  i  J  ’ 


(4) 


^jk 


(i) 


=  Y...  P.  P.  P,  , 
ijk  i  j  k  ’ 


(5) 


where  m(0)  and  m(C)  are  the  masses  of  the  oxygen  and  carbon  atoms 
respectively.  No  such  relationships  exist  for  species  such  as 


P. 


Courtoy,  Ann.  de  la  Soc.  Sci.  de  Bruxelles,  W  (March  27,  1959). 
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TABLE  1 


VIBRATIONAL  CONSTANTS 

^ecies  12ol6  18  . 

\  2  2  2 
Constant'^ 


e 

O 

B 

1 

1354.91 

1354.91 

“  2 

673.00 

653.83 

^3 

2396.49 

2328.22 

*11 

-  3.75 

-  3.74 

*22 

-  .63 

-  .64 

*33 

-12.63 

-11.85 

*12 

3.65 

3.50 

*13 

-19.37 

-18.89 

*23 

*12.53 

-11.75 

^111 

.13 

.13 

^222 

.01 

.01 

^333 

.015 

.015 

^112 

-  .08 

-  .08 

^122 

-  .07 

-  .07 

^133 

.07 

\ 

.07 

^113 

.00 

.00 

^223 

.00 

.00 

^233 

.01 

.01 

^123 

.02 

.02 

CM 

CM 

60 

.775 

.790 

1316.08 

1316.08 

1277.25 

667.83 

648.53 

662.66 

2378.07 

2309.34 

2359.66 

-  3.54 

-  3.54 

-  3.33 

-  .62 

-  .63 

-  .61 

-12.43 

-11.66 

-12.24 

3.52 

3.37 

3.39 

-18.67 

-18.20 

-17.98 

-12.34 

-11.56 

-12.15 

.13 

.13 

.13 

.01 

.01 

.01 

.015 

.015 

.015 

-  .08 

-  .08 

-  .08 

-  .07 

-  .07 

-  .07 

.07 

.07 

.07 

.00 

.00 

.00 

.00 

.00 

.00 

.01 

.01 

.01 

.02 

.02 

.02 

.770 

.770 

.780 
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which  have  a  different  synmetry  than  that  of  the  main  species.  How¬ 
ever,  when  the  mass  difference  between  Isotopes  Is  small,  as  Is  the 
case  for  CO2,  the  constants  for  the  asymmetric  species  can  be  de¬ 
termined  by  Interpolation  between  the  main  species  and  the  correspond¬ 
ing  symmetric  Isotopic  species.  For  example,  the  constants  for 
glZolbolS  can  be  obtained  by  Interpolating  linearly  between 
and  .  It  turns  out  that  Eqs.  (2),  (3),  (4)  and  (5)  and  linear 

Interpolation  obtain  good  agreement  with  all  the  measurements  which 
Courtoy^  has  made.  Thus,  this  method  can  be  used  with  confidence 
to  calculate  the  vibrational  constants  for  Isotopic  species  of  CO2 
for  which  no  measurements  exist. 


In  polyatomic  molecules  It  may  happen  that  two  or  more 
vibrational  levels  corresponding  to  different  vibrational  modes  (or 
combinations  of  m*  Jes)  may  have  nearly  the  same  energy  and  be  of  the 
same  symmetry  type.  This  accidental  degeneracy  or  Fermi  resonance 
perturbs  the  participating  vibrational  levels  and  produces  states 
which  are  mixtures  of  the  Initial  states  with  energies  different  from 
the  Initial  energies.  This  shift  of  the  levels  Is  greater  when  the 
unperturbed  energy  levels  are  closer  to  each  other. 


For  OO21  G(0,2,0;0)  ^  G(1,0,0;0)  and  the  corresponding  levels 
are  of  the  same  synmetry  type.  From  this  it  Is  clear  that  a  level 
(vi,V2,V3;i)  will  be  in  Fermi  resonance  with  the  level  (vj-l,  V2+2, 
V3;£).  This  means  that  for  each  set  (V3;  £)  there  are  (vi+*j(v2"f)  +  l] 
levels  In  resonance.  The  magnitude  of  the  energy  level  shifts  can 
be  calculated  by  first  order  perturbation  theory.  The  diagonal  elements 
of  the  energy  matrix  are  computed  from  Eq.  (1).  The  final  values  of 
the  vibrational  energy  are  the  eigenvalues  of  the  matrix  whose  off- 
diagonal  elements  have  been  shown  by  Amat  and  Goldsmith^  to  be 


;r 


VhV^2VSV 


2  2 
(v2-^2)^- 


V 


1 


if  V, 


v^-1; 


V2+2; 


fy 


(6)- 


“  0  otherwise 


^G.  Amat  and  M.  Goldsmith,  J.  Chem.  Phys.  1171  (1955). 
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6  4 

Courtoy  ’  has  determined  the  constants  in  Eq.  (6)  experimentally. 
His  results  are  given  In  Table  2.  The  Feral  constants  for  other 
Isotopic  species  can  be  determined  by  extrapolation  and  Interpola¬ 
tion  c£  the  values  given  In  Table  2.  Feral  constants  determined  In 
this  way  are  given  in  Table  3  for  four  species  which  have  relatively 
significant  abundances.—.^. 


Of  the  twelve  Isotopic  species  of  carbon  dioxide,  eight 
occur  in  sufficient  abundance  to  be  considered  in  the  present  study. 

12  16 

These  species  and  their  relative  abundances  are:  CO,  (1.00), 
C^^oJ^  (1.12x10’^),  C^^O^^O^®  (4.0x10'®),  C^V®0^^  (8.0x10’^), 
C^V®0^®  (4.5x10'®),  C^®0^®0^^  (8.9x10'®),  C^^oJ®  (4.1xl0’®),  and 
C'W‘  (1.6x10-^. 


The  most  extensive  previous  calculations  of  the  vibrational 
energy  levels  of  CO2  have  been  made  by  Courtoy. He  has  tabulated 
the  energies  of  74  levels  of  species  C^^ojo^  i^yels  of  C^^oJ®  snd 
9  levels  of  both  C^^O^^O^®  and  c^^0^®0^®.  In  the  present  study  it  is 
necessary  that  the  vibrational  energies  be  known  for  all  energy  levels 
up  to  the  levels  (12,0,0;0),  (0,24,0;24)  and  (0,0, 6;0),  at  least  for 
the  main  species  C^^Oj".  This  results  in  a  total  of  over  1800  energy 
levels.  The  calculation  of  these  energies  has  been  carried  out  using 
an  IBM  709  computer.  Since  it  was  convenient  to  do  so  all  of  these 
levels  were  calculated  for  all  eight  isotopic  species. 


The  calculation  necessary  to  obtain  these  values  consists 
first  in  evaluating  the  unperturbed  energies  using  Eq.  (1)  and  the 
off-diagonal  matrix  elements  using  Eq.  (6),  and  finally  diagonalizing 
the  resultant  energy  matrix.  I.n  the  usual  manner  the  energy  matrix 
is  broken  up  Into  submatrices  which  are  in  turn  diagonalized.  This 
last  phase  of  the  program  is  a  formidable  computation  in  Itself  for 
it  involves  the  diagonal izatlon  of  the  submatrices  which  may  be  as 
large  as  13  x  13,  For  the  calculations  which  have  been  carried  out, 
an  eigenvalue  routine  written  by  Dr.  George  Baker  of  the  Los  Alamos 
Scientific  Laboratory  was  used.  This  method  consists  of  first  cal¬ 
culating  the  first  n  matrix  powers  (using  double  precision  arithmetic 


P.  Courtoy,  Can.  J.  Phys.  608  (1957). 
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TABLE  2 


FERMI  RESONANCE  CONSTANTS 


v^Specles 

Con8t«nt''\^ 

Cl20’“0^® 

WQ(cra-l) 

51.31 

46.52 

52.50 

47.80 

X  " 

*■1 

.15 

.10 

.10 

.09 

X  " 

^2 

.41 

.37 

.40 

.36 

.78 

.74 

.75 

.74 

0 

0 

0 

0 

TABLE  3 

FERMI 

RESONANCE  CONSTANTS 

\Specie8 

Con8tant^ 

c'^o^’o'® 

Wo(cm'^) 

51.91 

47.66 

53.69 

53.09 

X  " 

*•1 

.13 

.  10 

.05 

.08 

h  " 

.41 

.37 

.39 

.40 

X  ” 

.77 

.74 

.72 

.74 

> 

0  . 

0  . 

0 

0 

2-6 


In  order  to  minimize  round  off  difficulties)  and  their  traces.  Then 
by  means  of  Newton's  Identities,  the  traces  are  used  to  calculate 
the  coefficients  of  the  characteristic  polynomial.  The  roots  of 
thlS'  characteristic  polynomial  are  then  obtained.  The  final  tabula¬ 
tion  of  the  perturbed  energy  levels  comprises  the  most  extensive 
known  to  date  and  Is  almost  fifty  times  the  size  of  Courtoy's. 

The  calculated  vibrational  energy  levels  agree  to  five 
significant  figures  with  the  measurements  of  Courtoy.^>^  The  results 
Including  more  than.  1800  energy  levels  for  each  of  the  eight  Isotopic 
species  are  tabulated  In  Appendix  A. 


2.2  INFRARED  BANDS 

In  the  present  study  the  spectral  region  considered  Is  from 
500  to  10,000  cm"^.  The  lower  limit  Is  chosen  so  as  to  Include  the 
15p  CO2  band,  but  to  exclude  all  the  stronger  lines  of  the  purely 
rotational  H2O  spectrum.  Within  this  limitation  only  certain  of  the 
vibrational  transitions  of  CO2  need  be  considered.  The  frequencies 
of  the  fundamental  \tlbratlonal  modes  of  CO2  have  values  such  that  a 
transition  corresponding  to  a  unit  change  in  V3  has  approximately 
the  same  energy  as  a  change  of  2  units  in  v^^  and  a  change  of  4  units 
In  V2>  This  point  Is  useful  In  cataloging  the  vibrational  transitions 
of  CO21  since  any  transition  can  be  imagined  as  corresponding  to  some 
Integral  multiple  of  A  V2.  Thus  the  transitions  which  are  effective 
In  the  spectral  region  of  Interest  can  be  divided  In  22  separate 
groups,  each  group  (with  2  exceptions)  corresponding  to  a  different 
Integral  multiple  of  Av2.  This  Is  Illustrated  In  Table  4. 

In  general  the  vibrational  transitions  active  In  the  Infrared 
are  dipole  transitions  determined  by  the  selection  rules, ^ 

1)  Ai  ••  0,  v^-even,  v^-odd 

2)  A.?  ”  ^  1,  Vj-even 

13  18 

for  symmetric  species  such  as  C  0^  and 

1)  Ai-  0 

2)  Ai  -  t  1 

12  16  18 

for  asymmetric  species  such  as  COO  .  It  Is  clear  that  there  Is  a 
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GROUPS  OF  IMFRARED-ACTIVE  CO.  TRANSITIONS 
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very  large  number  of  eeta  ( A V2>  AV3)  consistent  with  these 
selection  rules,  especially  for  the  higher  frequency  groups  of 
transitions.  In  the  present  study  all  of  the  sets  for  each  of  the 
22  groups  were  determined  by  progranmlng  the  selection  rules  for 
the  IBM  709  computer. 


The  next  phase  of  this  study  was  a  determination  of  all  of 
the  pairs  of  levels  and  the  corresponding  transition  frequencies 
from  the  previously  obtained  energy  tables  for  each  of  the  sets 
(  Av^,  Av2,  AV3) .  With  no  further  restriction  there  would  obviously 
be  an  extremely  large  number  of  transitions.  The  Intensity  of  a 
given  transition  Is  proportional  to  the  population  of  the  Initial 
state.  In  thermal  equilibrium  this  population  Is  proportional  to  the 
Boltzmann  factor,  exp  (-G/kT).  In  the  present  study  only  temperatures 
of  300°K  and  lower  are  of  Interest.  At  these  temperatures  levels  with 
energies  greater  than  or  equal  to  that  of  the  state  (001,0)  are 
negligibly  populated.  Thus  the  only  transitions  Included  were  those 
with  one  of  the  following  eight  Initial  states:  (000,0),  (010,1), 
(020,0),  (020,2),  (100,0),  (030,1),  (030,3)  and  (110,1).  Even  with 
this  limitation  a  large  number  of  transitions  remain.  The  number 
of  transitions  In  each  group  for  symmetric  and  asyinnetrlc  molecular 
species  are  given  In  columns  6  and  7,  respectively,  of  Table  4. 


Attention  should  be  called  to  transition  groups  7,  9,  11, 
13,  15,  17,  19  and  21.  There  Is  no  mention  of  these  transitions  In 
the  literature.  Apparently  they  are  too  weak  to  have  been  observed 
experimentally.^'^  However,  they  are  allowed  by  the  selection  rules 
and  should  be  Included  In  the  spectrum.  These  transitions  fall  Into 
a  regular  progression  behind  groups  1  and  4  and  as  Herzberg^  points 
out  such  progressions  show  a  regular  falling  off  In  Intensity.  A 
comparison  of  the  measured  Intensities  of  the  transitions  of  group  1 
and  those  of  group  4  would  lead  one  to  expect  that  the  transitions 
of  groups  7,  9,  etc.  have  very  low  Intensities.  Thus  they  would  be 
difficult  to  observe.  The  actual  Intensities  of  these  transitions 
will  be  considered  In  section  2.4. 


^J.  N.  Howard,  D.  E.  Burch,  D.  Williams;  Scl.  Rep.  #1,  AF  19(604)-S16 
The  (Hilo  State  University,  Dec.  1954. 

^D.  E.  Burch,  D.  Gryvnak,  0.  Williams,  Scl.  Rep.  #2,  AF  19(604)-2633, 
The  Ohio  State  University,  Jan.  1961. 


2-10 


2.3  STRUCTURE  OF  VIBRATI(»IAL  BANDS;  INDIVIDUAL  LINES 

For  each  vibrational  energy  state  of  a  molecule  there  are  a 
number  of  rotational  energy  states.  Thus  a  given  vibrational  transi¬ 
tion  can  occur  In  combination  with  any  one  of  a  number  of  rotational 
transitions.  The  rotational  transitions  form  a  line  spectrum  which 
constitutes  the  structure  of  the  vibrational  band. 

The  rotational  energy  of  a  linear  molecule  Is  given  by 


wtiere 


F^(j)  -  B^j(j+1) 


B 


V 


“iCVi  +  hd^). 


(7) 


(8) 


The  quantum  number  J  corresponds  to  the  total  angular  momentum  of  the 

molecule  and  In  general  J  cakes  on  the  values  £,  i+1,  £•¥  2 . 

However,  for  a  molecule  such  as  CO2  J  can  only  take  on  the  values 
0,2,4  ...  when  £  •  0.  This  result  arises  In  the  following  way.  For 
a  molecule  In  the  symmetry  class  corresponding  to  the  symmetric  species 
of  CO2  the  rotational  levels  are  alternatively  symmetric  and  anti¬ 
symmetric.  8  The  ratio  of  the  statistical  weights  of  the  antisymmetric 
and  S3rninetrlc  states  Is  given  by  (8/(s+l)),^  where  s  Is  the  spin  of  the 
two  Identical  nuclei  In  the  molecule.  Slnce-the  spin  of  0^^  and  0^8 
are  zero  the  statistical  weight  of  the  antisymmetric  rotational  levels 
of  the  molecules  and  vanish.  Thus  only  every 


other  rotational  level  occurs  for  these  molecules.  However,  when  the 
quantum  number  £  >  0,  each  rotational  level  Is  doubly  degenerate;  the 
pair  of  states  corresponds  to  the  values  +  £  and  -  £  for  the  component 
of  angular  momentum  about  the  symmetry  axis.  Thus  the  absence  of 
alternative  levels  does  not  manifest  Itself  and  j  can  take  on  all 
values  ^  £  .  It  should  be, noted  that  (here  Is  no  such  alternation 
for  asymmetric  molecules  such  as  For  such  species  the 

quantum  number  £■¥  I,  i  +  2...  for  all  values  of  i. 


9 

L.  I.  Schlff,  Quantum  Mechanics,  McGraw-Hill,  New  York  (1949). 
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Equation  (7)  does  not  Include  second  and  higher  order  terms 
in  the  rotational  energy.  These  terms  are  negligible  for  CO2  because 
the  coefficient  of  the  second  order  term  (D^  J^CJ-fl)^)  has  been  found  to 
be  <  5  X  10~^  By.  Thus  even  for  J  ~  100  which  is  the  maximum  value 
considered  in  the  present  study  the  first  order  term  dominates.  Higher 
rotational  states  do  not  have  to  be  considered  since  the  populations 
are  too  small  in  thermal  equilibrium  for  spectral  lines  arising  from 
these  states  to  lie  in  the  intensity  range  considered  here.  Val):.es  of 
the  rotational  constants  have  been  determined  by  Benedict,  et  al^^ 

from  the  experimental  measurements  and  are  listed  in  Table  5.  For  the 
other  isotopic  species  the  relations^ 


(9) 

(10) 

can  be  used,  where  the  Pj  are  defined  in  Eqs.  (2)  and  (3). 


TABLE  5 


ROTATIONAL 

CONSTANTS  FOR 

B 

e 

«1 

“2 

“3 

3925 

.00058 

-  .00045 

.00307 

An  individual  spectral  line  in  a  vibration-rotation  spectrum 
can  be  completely  described  by  as  few  as  three  parameters.  These  are 
the  frequency,  intensity,  and  a  line  shape  parameter.  In  the  simplest 
description,  this  latter  parameter  is  taken  to  be  the  same  for  all  the 
lines  of  a  given  molecule.  Thus,  each  line  requires  only  two  descrip¬ 
tive  parameters. 


S.  Benedict,  R.  Herman,  S.  Silverman,  J.  Chem.  Phys.  1325  (1951) 
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The  frequency  of  a  given  spectral  line  is  simply  proportional 
to  the  difference  between  ^he  total  energy  (in  the  present  case  vibra^^ 
tional  plus  rotational  energy)  of  the  Initial  and  final  states  of  the 
corresponding  transition.  The  line  strength  or  intensity  parameter  is 
usually  taken  to  be  Integrated  intensity,  which  is  given  by^^ 


v'.i-.J'  .  R _ /  hc[G(v.i)  +  Fv(j))\ 

®v,i,J  3hc  v.i.j  Qp  ■’‘P  kT 


/  hc(n 


1  -  exp 


v' j'i' 
v1  £ 


kT 


(11) 


V '  4 '  £* 

%ihere  w  *  /  is  the  wavenumber  of  the  line,  N  is  the  number  of 

v,j,i 

molecules  per  unit  volume,  Q  is  the  partition  function,  p  is  the 
pressure,  and  s(J,i)  is  the  square  of  the  pure  rotational  matrix 
element  given  by^ 


2  2 
J  +  1 


Aj  -  +1,  Ai  -  0  , 


•  (j.  i  )  -  1 


(2i+l)  £  ^ 

J(J  +  i) 


Aj  =  0  ,  Ai-  0 


(12) 


A  j  =  -1,  A£  ~  0  . 


S.  S.  Penner  and  A.  Thomson,  Tech.  Rep.  No.  25,  Contract  Mo. 
Nonr'220(03) ,  NR  015401,  Guggenheim  Jet  Prop.  Center,  Calif. 
Inst.  Tech. 


I 
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and 


( 


2(j  +  1) 


AJ  -  +1,  Ai=  t  1  , 


8(j.i) 


\  2j(j  +  1) 


Aj  ■  0,  Ai  »  !■  1  , 


(13) 


^  2j 


Aj  -  -1,  Ai  ■  t  1  . 


Equations  (12)  and  (13)  Imply  the  well-knovni  rotational  selection  rules 
governing  the  quantum  number  j,  i.e.  A  j  *•  0,  1*  1. 

I  V  *  i  *  £  *  I  ^ 

In  Eq.  (11)  the  amplitude  |  ^  |  can  be  written  as 

i  1  V  j  £  '  ®’^®  ^^®  vibrational  matrix 


£ 

'  v'  r  £' 

elements  of  a  non- rotating  oscillator  and  £  *•*  ’  are  correction 

i »  ^ 

factors  which  account  for  the  interaction  of  vibration  and  rotation. 

For  diatomic  molecules  at  high  temperatures  it  is  known  that  this 
Interaction  may  be  significant. ^^>1^  However,  the  theory  of  poly¬ 
atomic  molecules  is  not  sufficiently  developed  to  permit  a  quantlta- 
description  of  f^  been  found  that  neglecting  this 

V,  J,  ^  v'  1  '  £< 

rt  ^  f  »  -  1)  usually  does  not  cause  serious 


tlve 


interaction  (i.e.  assuming  £ 


V, 


disagreement  with  experiment  for  T  —  300  K. 


A  useful  parameter  here  is  the  band  strength  defined  by 


8«_:  -V,i-  ILexo 
V,  i  Z_.  v,j  ,  3hc  v,£  Qp  ^ 

jj’ 


v'  ,£'  1^  ^ 

K,£  L.  ®*P 

jj' 


hcF^(j) 

kT 


hcG(v.i) 

kT 


(lA) 


Herman  and  R.  F.  Wallis,  J.  Chem.  Phys.  675  (1955). 

R.  Stull  and  C*  N.  Plass,  J.  Opt.  Soc.  Amer.  W,  1279  (1960). 
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which,  If  there  were  no  overlapping  of  lines  in  the  band, , would  be 
equal  to  the  total  band  absorption.  The  mean  frequency  ^  ^ 
defined  by 


—  V 
“  V 


’/  8(j,i)  exp 

jj* 


hcF^(j) 

kt” 


JJ' 


hcF^(j) 

kT 


(15) 


f  hcxD''V;'J'  ^ 

1  V.f.j 

1  -  exp 

1  "  1 

Since  at  infrared  frequencies  and  ordinary  temperatures 


■ 

hcm''’;^’^' 
v.i.  1 

1  -  exp 

to”'-/' 

v,t 

1  -  exp 

ki 

kT 

and  since  f''  =  1»  then 


iV,^’,J' 

v,^,J 


U) 


v’,i',J’ 


,v,r  v,i,j 
sv  i' 
y,£ 


exp 


!  hcF^(j) 

kT 


8(J,^),  (16) 


where 


y  8{i,£)  exp 

hcF^(J) 

ft- 

kT 

(17) 


and  the  denominator  in  this  expression  may  be  recognized  as  the 
rotational  partition  function 

V  *  ^  * 

From  Eq.  (17)  and  (14)  it  follows  that  aiq>lituda 
(i.e.  the  vibrational  intensity)  for  any  vibrational  transition  and 


I 
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any  temperature  may  be  related  to  that  of  another  transition  at  another 
temperature,  so  that 


V.  £ 


(T) 


N(T)Q(T  ) 
R  v*,£*  'o'  N(T  )Q(T) 


exp 


hcG(v*,i*)  hcG(v.i) 


kT 


kT 


(18) 


where 

pV*.i' 

v.^ 


the  ratio 


(I 


v.i 


/  I 

/  1  v*,i* 


Thus  if 


(T)  is  known  for  any  one  of  the  vibrational  transitions  included 


in  one  of  the  22  groups  described  previously  and  if  the  ratios  are 
known  for  the  group  then  the  intensity  of  any  individual  line  at  any 
temperature  may  be  calculated  from  Eqs.  (18)  and  (16).  It  is  to  be 
noted  that  Eq.  (18)  equally  well  expresses  the  relationship  between 
vibrational  transitions  belonging  to  different  groups.  However,  it  is 
only  within  a  single  group  that  the  ratio  can  be  readily  determined. 
The  method  used  to  determine  the  relative  intensity  ratio  Ig  will  be 
discussed  in  section  2.4. 


For  CO21  in  calculations  using  Eq.  (18)  it  may  be  assumed 
that  N(T)  ~  (p/T)  and  that  the  partition  function  is  given  by^ 


Q(T) 


3 

i-l 


1  -  exp  - 


kT 


•d. 


kT 

hcB 


^  3  ^  15 


hcB 
_ e 

kT 


4 

hcBg^ 

2 

+  -L. 

hcB^] 

3'  1 

exp 

315 

kT 

^  315 

ki 

hcG(O.O) 

kT 


(19) 


where  u)  °  are  ...le  frequencies  of  the  three  fundamental  vibrational 
modes.  This  expression  neglects  the  Interaction  of  vibration  and 
rotation  and  assumes  By  ~  B^.  These  assumptions  are  quite  valid  for 
T  —  300°K.  These  simplifications  are  implied  by  the  suppression  of 
subscripts  and  superscripts  on  Q  in  all  of  the  above  expressions. 


2.4  RELATIVE  INTENSITY  OF  VIBRATIONAL  BANDS 


.£' 


^  n 

V,£ 


The  quantum  mechanical  expressions  for  the  matrix  elements 
for  polyatomic  molecules  such  as  CO2  have  never  been  calculated. 
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Thus,  vibrational  Intensities  must  be  obtained  seml-emplrlcally. 

Ideally,  high  resolution  experimental  data  would  give  the  Intensity  of 
each  Individual  vibrational  transition*  However,  only  a  small  amount 
of  such  data  Is  available.  Yamamoto  and  Sasamorl^^  summarize  the 
measurements  of  Kostkowsky,  Kaplan,  Madden  and  Eggers^^> on 
the  transitions  In  group  1  (15.0  p  region).  This  data  Includes  most 
of  the  significant  transitions  and  Is  quoted  In  terms  of  relative 
Intensities  In  Table  6.  Since  only  a  sparse  amount  of  such  data  Is 
known  to  exist  for  the  other  groups  of  transitions^^  the  relative 
Intensities  must  be  determined  by  a  seml-quaiitatlve  method.  If  a  pair 
of  the  transition  groups  Is  compared.  It  Is  found  that  there  Is  a  one- 
to-one  correspondence  between  the  transitions  In  each  group  (If  those 
transitions  are  taken  together  which  are  In  Fermi  resonance  with  each 
other).  Thus  one  would  expect  that  the  variation  In  Intensity  from 
transition  to  transition  In  one  group  would  be  approximately  the  same 
as  for  the  corresponding  transitions  In  another  group.  If  It  Is 
assumed  that  this  Is  the  case  then  the  relative  Intensities  for  the 
transitions  in  all  of  the  groups  can  be  derived  from  those  of  group  1 
which  are  given  In  Table  6. 

When  Fermi  resonance  occurs  this  method  gives  only  the  total 
intensity  of  each  resonating  group.  In  addition  the  distribution  of 
Intensity  over  the  member  transitions  must  be  determined.  Courtoy^ 
has  calculated  the  matrix  elements  for  a  number  of  resonating  groups 
In  his  treatment  of  the  effect  of  Fermi  resonance  on  the  rotational 
constants.  For  parallel  transitions  (Af  ~  0)  the  relative  Intensities 
are  directly  proportional  to  these  matrix  elements.  Thus  Courtoy's 
results  give  the  Intensities  directly.  For  the  perpendicular  transi¬ 
tions  (Ai  <■  1)  It  Is  known  that  most  of  the  Intensity  Is  concentrated 


14 

G.  Yamamoto  and  T.  Sasamorl,  Scl.  Rep.  Tohuku  Unlv. ,  Geophysics 
Series  5,  W,  37  (July  1958). 

D.  Kaplan  and  D.  F.  Eggers,  Jr.,  J.  Chem.  Phys.  876  (1956). 

J.  Kostkowsky,  Contract  No.  248(01)  Johns  Hopkins  Unlv.  (1955). 

^^H.  J.  Kostkowsky  and  L.  D.  Kaplan,  J.  Chem.  Phys.  1252  (1957). 

P.  Madden,  Contract  No.  248(01)  Johns  Hopkins  Unlv.  (1957). 

19 

S.  S.  Penner,  "Quantitative  Molecular  Spectroscopy  and  Gas  Emls- 
slvltles",  Addlson-Wesley  (1959),  p.  310. 
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TABLE  6 


RELATIVE  INTENSITIES  OF  15^  CO2  BANDS 


Transition 


I 


7iC:J 


2 


000,0 

-♦010,1 

1.000 

010.1 

^020.2 

.906 

010,1 

-♦020,0 

.539 

010.1 

^  100,0 

.711 

020.0 

-♦030,1 

2.52/' 

020.0 

^  110,1 

.  "  >8 

020.2 

-♦030,1 

.  18 

020,2 

-♦030,3 

1.177 

020,2 

-♦  110,1 

.194 

100.0 

-♦  110,1* 

.080 

100,0 

-♦030,1 

.016 

030,1 

-♦  040,0* 

.015 

030,1 

-♦040,2* 

.005 

030,1 

-♦  120,0 

.695 

030,1 

-♦  120,2 

.024 

030,1 

-♦  200,0* 

2.800 

030,3 

-♦040,2 

.150 

030,3 

-*  040,4* 

1.050 

030,3 

-♦ 120,2 

.209 

110,1 

-♦  120,0* 

.511 

110,1 

->  120,2* 

.024 

110,1 

200,0* 

2.000 

110,1 

-♦  040,0* 

.011 

110,1 

->040,2* 

.005 

The  relative  intensities  of  these  transitions  were  not  given  by 
Yamamoto  and  Sasamori^^  but  were  determined  on  the  basis  of  the 
distribution  of  intensity  within  Fermi  resonance  groups  which  Is 
discussed  In  section  2.4. 
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20  21 

in  the  highest  frequency  member  of  a  set  of  resonating  transitions.  ’ 

Taylor,  Benedict  and  Strong^^  give  estimates  of  the  relative  intensities 
of  the  members  of  particular  resonating  pairs  and  triplets.  From  these 
and  Courtoy's  calculations,  which  go  as  far  as  quintet  groups,  it  has 
been  possible  to  make  estimates  of  the  distribution  of  intensity  in 
resonating  groups  up  to  order  13  by  graphical  extrapolation.  These 
results  are  given  in  Tables  7  and  8.  For  example,  if  it  is  assumed 
that  all  sextets  contain  the  same  distribution  of  intensities,  then  all 
the  necessary  relative  intensities  can  be  determined.  This  method  was 
used  in  the  present  calculations  except  for  group  6  (4.3 n)  where 
according  to  Benedict^!  it  is  known  that  the  "cross-over  transitions" 

(e.g.  020,0  ->101,0)  .re  orders  of  magnitudt  less  intense  than  the 
corresponding  "noncross-over  transitions"  (e.g.  020,0  -»021,0).  The 
factor  which  was  used  in  the  present  calculation  is  10~^. 

Finally,  the  intensities  for  the  transitions  of  each  isotopic 
species  must  be  multiplied  by  the  relative  abundance  of  the  species. 

There  are  new  transitions  for  the  asymmetric  isotopic  species  which  do 
not  occur  in  the  symmetric  isotopes.  All  of  theSe  transitions  are  very 
weak,  because  the  replacement  of  0^^  by  0^®,  for  example.  Introduces 
only  a  slight  mass  asymmetry.  The  weighting  factor  which  was  used  for 
these  transitions  was  lO"^. 

The  above  method  has  been  used  in  the  present  study  to  determine 
all  of  the  relative  Intensities  of  the  transitions  in  each  of  the  transi¬ 
tion  groups.  This  calculation  was  programmed  for  the  709  IBM  computer  and  the 
extensive  results  have  been  tabulated,  but  are  not  Included  in  this  report. 

When  the  reliitive  intensities  are  known,  there  remains  only 
one  unknown  parameter  for  each  group  as  is  seen  from  Eq.  (18).  This 
parameter  or  normalization  constant  is  determined  by  comparing  the 
calculated  values  of  the  total  absorption  for  the  transitions  in  a 
given  group  at  particular  values  of  pressure  and  CO2  amount  with  measured 
values  of  the  same  quantity.  Details  of  this  method  are  given  in 
section  3.2.  However,  measurements  are  not  available  for  i/.ll  22  transi¬ 
tion  groups  of  Interest.  In  fact,  as  previously  mentioned,  the  absorp¬ 
tion  is  too  weak  to  have  been  detected  for  some  of  the  groups.  For  these 
groups  the  following  qualitative  method  is  used  to  determine  the 
intensities.  An  examination  of  the  groups  shows  that  they  fall  into 


20 

J.  H.  Taylor,  W.  S.  Benedict,  and  J.  Strong,  J.  Chem.  Phys. 
1884  (1952). 

21 

W.  S.  Benedict,  private  communication  (May  1962). 
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RELATIVE  INTENSITIES  OF  PARALLEL  BANDS  (A£  =  0)  IN  FERMI  RESONANCE 
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TABLE  8 


.  11 


harmonic  sequences.  For  example  the  primary  transitions  of  groups  1, 
4,  7,  9,  11,  13,  15,  17,  19,  21  fall  into  a  simple  harmonic  series. 
Similarly  the  primary  transitions  of  groups  6,  8,  10,  12,  14,  16,  18, 
20,  22  fall  into  another  harmonic  sequence.  As  indicated  by  Herzberg^ 
there  is  a  regular  falllng>off  of  Intensity  in  such  a  sequence  which 
is  expected  to  be  nearly  the  same  for  different  sequences  of  the  same 
molecule.  Thus  the  following  ratios  for  the  constants  C  given  by 
Eq.  (18)  are  obtained  when  Fermi  resonance  is  taken  into  account: 


C^:C^+C5:3C^:4Cg:5ejj:6Cj3;7C^3:8C^7:9C^g:10C 
: : C^;  2Cg:  3C^q:  40^2: 7C^g: 8C2Q: 9C22 . 


21 


where  the  subscript  indicates  the  group  to  which  the  constants  C£ 
belong.  Measurements  of  the  total  absorption  have  been  made  for  groups 
1,2,3,4,5,6,8,10,12,14.^*®  These  results  and  the  above  relationship 
are  used  to  determine  the  normalization  constant  for  all  22  groups  of 
transitions. 
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SECTION  3 


CALCULATION  OF  TRANSMISSION  TABLES 


3.1  INTRODUCTION 


In  section  2.3  the  equations  are  given  for  the  calculation 
of  the  frequencies  and  intensities  of  all  the  vibration* rotation  lines 
of  carbon  dioxide.  Thus  the  transmission  at  any  frequency  v  can  be 
calculated  from  the  exact  expression 


T(v)  =>  exp 


L  N 

w(x)  ^  S^(x)b^(v,x)dx  , 


(20) 


where  w(x)  is  the  mass  of  CO-  per  unit  area  per  unit  distance  at  the 
point  X,  Si(x)  is  the  intensity  of  i^  line  given  by  Eq.  (16),  and 
l>i(^>>()  ihe  line  shape  factor  normalized  so  that 


00 

I  b^(v.x)dv  =  1. 

•'o 

The  summation  in  Eq.  (20)  is  over  the  N  lines  which  contribute  to  the 
absorption  at  v  .  However  extensive  transmission  calculations  based 
on  Eq.  (20)  are  beyond  the  practical  limits  of  even  the  fastest  digital 
computers. 


In  the  first  place  the  Intensity  Sj(x)  is  a  function  of  the 
gas  temperature  along  the  path  and  the  line  shape  factor  b^(v,x)  is 
a  function  of  both  the  temperature  and  the  pressure.  For  example, 
the  Lorentz  pressure  broadened  line  shape,  which  has  been  found  to  be 
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an  adequate  description  of  the  vibration- rotation  lines  of  many  gases 
in  the  pressure  range,  .01  -  1.0  atmospheres,  is  given  by22 


b^(v,x)  =  b(v^  -  v,x) 


a 


Jt  [  ( V  -  +  (a  (x»‘ 


where  the  half-width  of  the  line 


a  (x)  =  a  ^(T^) 


P  ’ 
o 


(21) 


(22) 


where  Q!^,  p^,  and  are  some  particular  set  of  values  for  the  half¬ 
width,  pressure,  and  temperature. 

The  available  experimental  evidence  Indicates  that  the  best 
line  shape  for  CO2  is  the  Benedict  modification  of  the  simple  Lorentz 
line  shape.  A  study  of  the  absorption  by  an  isolated  spectral  line 
showed  that  the  intensity  in  the  wings  of  the  line  decreased  more 
rapidly  than  predicted  by  the  Lorentz  expression.  The  available  data 
is  described  by  the  following  empirical  expression  proposed  by  Benedict: 


b(  V) 


/  .-t 

2  2 
(  V  -  V  ^)‘‘  +  a 


(23) 


A /  :: _  -a  I  V 

2  2 
(  V  -  V  .)  + 

i 


2  d 


A.C.G.  Mitchell  and  M.W.  Zemansky,  "Resonance  Radiation  and  Excited 
Atoms",  the  McMillan  Co.,  New  York  (193A). 

The  quantity  p  in  this  expression  is  the  effective  broadening  pressure 
It  is  different  from  the  total  pressure  because  the  CO2  molecules 
themselves  are  more  effective  in  broadening  than  the  foreign  gas  mole¬ 
cules  in  collisions  with  CO2  molecules.  Thus  p  =  total  pressure  +0.3 
partial  pressure  of  CO2.  The  derivation  of  this  relationship  is  given 
by  Burch.®  In  the  present  report,  the  symbol  p  and  word  pressure  mean 
this  effective  broadening  pressure. 
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where  a  >•  0^0675,  b  0.7,  d  °  2.5  cm  The  value  of  A  is  chosen  to 
make  the  two  forms  continuous  at  |v  -  ■d«2.5  cm"^. 

In  order  to  determine  the  effect  of  the  Benedict  modification 
of  the  Lorentz  line  shape  the  transmission  calculations  were  made  with 
both  line  shapes.  The  results  given  in  Appendices  C,  E,  F  and  G  were 
calculated  with  the  Benedict  modification  of  the  Lorentz  line  shape. 

For  purposes  of  comparison  the  results  for  the  Lorentz  line  shape  at 
one  temperature  and  pressure  are  reproduced  in  Appendix  D.  A  compari¬ 
son  of  this  table  with  th'^  corresponding  table  in  Appendix  C  indicates 
that  the  Benedict  shape  gives  substantially  less 
window  regions  for  the  larger  amounts  of  CO2. 

Only  homogeneous  paths  along  which  the 
ture  are  constant  are  considered  in  this  report, 
reduces  to  — ~ 

' 

il 

u  y  b(  V  -  V  > 

i=l 


w(x)dx  =  wL. 


Even  with  this  simplification,  transmission  calculations  using  Eq.  (24) 
are  impractical.  Not  only  does  a  single  evaluation  of  T( v  )  Involve 
a  summation  over  thousands  of  spectral  lines  but  in  a  practical  cal¬ 
culation  this  evaluation  has  to  be  made  a  very  large  number  of  times. 

In  order  to  describe  adequately  the  transmission  over  a  frequency  range, 
T(  V )  must  be  calculated  from  Eq.  (23)  at  frequencies  which  differ 
from  each  other  by  much  less  than  the  half-width  Oi.  In  the  present 
study  the  frequency  range  of  interest  is  500  to  10,000  cm"^  and 
o:q(300°K)  =  .06  cm"^  at  p  =  1  atmosphere  for  002-^^  Thus  more  than 
a  million  evaluations  of  Eq.  (24)  would  be  required  for  a  given 
temperature,  pressure  and  amount  of  gas.  In  addition  a  useful  calcu¬ 
lation  must  cover  a  range  of  temperatures,  pressures,  and  amounts  of 
gas  which  in  general  amount  to  several  hundred  different  sets  of  these 
three  quantities. 


I 

I 

T( V  )  =  exp  ' 

i 

i 

where 


'o 


absorption  in  the 


pressure  and  tempera- 
In  this  case  Eq.  (20) 


(24) 


23 


L. 


D.  Kaplan  and  D.  F.  Eggers, 


J.  Chem.  Phys.  25,  376  (1956). 
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Thus  Ic  Is  necessary  to  use  a  model  In  order  to  calculate 
the  transmission.  Such  a  model  must  be  capable  of  evaluating  the 
transmission  at  Intervals  large  compared  to  the  half-width  and  yet 
adequately  describe  its  frequency  dependence.  The  quasi-random  model 
has  been  derived  which  fulfills  this  requirement. 

Basic  to  the  quasi-random  model  is  the  separation  of  the 
spectral  lines  into  groups  by  the  division  of  the  spectrum  into  finite 
frequency  intervals  and  the  subsequent  calculation  of  the  effect  of 
the  lines  within  each  interval  separately.  Clearly  as  this  frequency 
interval  is  made  smaller,  the  spectral  lines  are  localized  more  closely 
around  their  actual  positions.  The  main  features  of  the  quasi-random 
model  are;  (1)  the  use  of  small  intervals  to  localize  the  position 
of  the  strong  spectral  lines;  (2)  the  averaging  of  results  for  at 
least  two  different  sets  of  intervals  shifted  with  respect  to  each 
other  in  order  to  minimize  the  effects  of  lines  which  occur  just 
inside  or  outside  of  a  given  interval;  (3)  the  use  of  transmission 
equations  which  are  valid  for  the  actual  number  of  spectral  lines 
in  the  Intexyal  rather  than  the  equations  which  are  valid  in  the  limit 
of  an  infinite  number  of  lines;  (A)  the  use  of  equations  for  the  trans¬ 
mission  of  a  spectral  line  over  a  finite  interval  rather  than  an 
infinite  interval  as  is  often  used;  (5)  the  absorption  by  the  wings 
of  spectral  lines  in  adjacent  intervals  is  taken  into  account;  (6)  the 
simulation  of  the  intensity  distribution  by  grouping  the  lines  in  a 
given  frequency  Interval  into  subgroups  defined  by  certain  ranges  of 
Intensity.  A  more  detailed  descrir  ion  of  the  quasi-random  model  is 
given  in  SSD-TDR-62- 127  -  Volume  II. 


3.2  CALCULATION  OF  NORMALIZATION  CONSTANTS 

For  the  problem  of  normalization  (section  2. A),  the  quantity 
to  be  calculated  is  the  integrated  transmission  over  a  large  spectral 
region  corresponding  to  that  covered  by  the  vibrational  bands  in  one 
of  the  groups  listed  in  Table  A.  For  this  purpose  it  is  not  necessary 
to  employ  the  shifted  Intervals  described  in  section  3.1  because  the 
details  of  the  spectral  structure  are  not  required.  Thus  the  normal¬ 
ization  was  actually  accomplished  using  a  single  set  of  Intervals. 

The  other  features  of  the  quasi- random  model  listed  as  3  through  6 
in  section  3.1  were  used  in  the  normalization  calculation. 

The  normalization  calculation  proceeded  as  follows.  Measure¬ 
ments  of  the  Integrated  transmission  were  available  only  for  transi¬ 
tion  groups  1,  2,  3,  A,  5,  6,  8,  10,  12,  and  1A.'’°  For  each  of  these 
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grodps  the  frequencies  and  intensities  of  the  spectral  lines  of  all 
of  the  vibrational  bands  In  the  group  were  calculated.  The  intensi¬ 
ties  v;ere  calculated  for  a  range  of  yslu^B  of  the  normalization 
constant  which  was  taken  to  be  (300°K),  the  vibrational  Intensity 

of  the  primary  transition.  Using’  the  model  described  in  the  previous 
paragraph  the  transmission  was  calculated  for  a  number  of  sets  of 
values  of  pressure  and  amount  of  CO2  for  each  assumed  value  of 


0,0 


(300  K) .  The  integrated  transmission  was  calculated  in  each 


case  using  Simpson's  rule.  The 


\7  *  ^  *  n 

correct  value  of  c'^  ’  (300”k)  was 

0,0 


determined  by  fitting  the  calculated  results  to  the  measured  Integrated 
transmissions  for  the  corresponding  pressures  and  amounts  of  gas  by 
the  method  of  least  squares.  This  procedure  was  carried  out  for  each 
of  the  10  groups  for  which  me.isurements  were  available.  The  resulting 

values  of  ^  (300'’k)  were  well  defined.  For  the  other  12  groups, 


for  which  measurements  were  net  available,  the  method  described  in 
section  2.4  was  used  to  obtcln  the  normalization  constant.  The  results 
for  all  22  groups  are  listed  in  Tcble  9. 


3.3  CALCULATION  OF  SPECTRAL  TRANSMISSION 

The  final  calculations  of  the  spectral  transmission  of  CO2 
can  be  divided  into  two  parts.  The  first  part  began  with  the  calcu¬ 
lation  of  the  intensities  of  all  the  spectral  lines  for  all  of  the 
isotopes,  using  the  data  in  Table  9  and  Eqs.  (18)  and  (16).  As  each 
line  was  generated  it  was  retained  only  if  its  relative  intensity  was 
greater  than  10'8  of  the  intensity  of  the  strongest  line  in  the  transi¬ 
tion  group  being  considered.  Thus  the  calculation  of  the  rotational 
lines  of  a  given  vibrational  band  were  terminated  with  that  value  of 
the  quantum  number  j  for  vrtiich  the  intensity  becomes  less  than  10"® 
the  intensity  of  the  strongest  line.  The  strongest  line  in  each  of 
the  22  groups  had  been  previously  determined. 

When  a  particular  line  was  retained  it  was  grouped  according 
to  its  frequency  into  the  appropriate  frequency  interval.  The  width 
of  these  intervals  was  chosen  as  5  cm~^  for  C02>  With  this  interval 
size  and  the  shifting  of  the  interval  described  later,  the  final 
transmission  was  obtained  with  as  fine  a  structure  as  the  resolving 
power  of  typical  infrared  Instruments.  An  interval  any  smaller  than 
5  cm'l  would  not  be  of  sufficient  practical  value  to  Justify  the 
considerable  extension  of  the  calculations.  As  is  explained  in  the 
detailed  description  of  the  quasi-random  model  in  SSD-TDR-62- 127 
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TABLE  9 


NORMALIZATION  CONSTANTS 


Transition  Group  No.  c'^  (300°K) 

0,0 


-1 

1 

6.9 

X 

10 

2 

2.0 

X 

10-2 

3 

5.0 

X 

10-2 

4 

6.3 

X 

10-5 

5 

6.4 

X 

10-^ 

6 

9.8 

7 

7.0 

X 

10-7 

8 

2.6 

X 

10-1 

9 

7.0 

X 

io-io 

10 

3.9 

X 

10-3 

11 

7.0 

X 

10-13 

12 

6.8 

X 

10-5 

13 

7.0 

X 

10-16 

14 

1.7 

X 

10-^ 

15 

7.0 

X 

10-19 

16 

3.6 

X 

10-7 

17 

7.0 

X 

10-22 

18 

1.2 

X 

10-® 

19 

7.0 

X 

10-25 

20 

5.0 

X 

IQ- 10 

21 

7.0 

X 

10-28 

22 

2.0 

X 

10-11 
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--  Volume  II,  the  lines  within  each  frequency  Interval  were  further 
grouped  according  to  their  Intensities.  Each  of  these  successive 
groups  Includes  lines  with  Intensities  within  an  order  of  magnitude 
of  each  other.  For  the  purposes  of  the  quasi-random  model  each  group 
is  described  by  two  parameters.  These  are  the  number  of  lines  In 
each  group,  n,  and 


^  o 


K  n  a  „ 
o 


(25) 


Furthermore,  it  has  been  found  that  only  the  five  largest  Intensity 
groups  need  be  retained  for  a  given  frequency  interval,  since  any 
line  with  Intensity  outside  this  range  contributes  negligibly  to 
the  absorption.  Accordingly,  the  first  part  of  the  transmission 
calculation  generated  5  sets  of  the  parameters  f  g,  and  n  for  5  cm“l 
intervals  from  500  to  10,000  cm"^. 

Concerning  the  displaced  meshes,  it  has  been  found  that 
one  such  set  of  intervals  shifted  by  half  the  interval  size 
(2.5  cm'l  for  CO2)  is  sufficient  to  calculate  the  average  trans¬ 
mission  on  the  basis  of  the  quasi-random  model  (see  SSD-TDR-62-127 
--  Volume  II).  Thus  sets  of  |  q  and  n  were  generated  for  5  cm"^ 
intervals  between  502.5  and  10,002.5  cm"^  as  Well  as  for  a  mesh 
displaced  by  2.5  cm“^.  This  calculation  was  performed  for  the 
temperatures  300®K,  250°K  and  200°K,  yielding  six  tables  of 
n  (Appendix  B) . 

At  a  given  temperature  the  pair  of  tables,  shifted  and 
unshifted,  of  and  n  are  sufficient  to  calculate  the  complete 
infrared  transmission  for  any  pressure  and  amount  of  CO2.  These 
tables  contain  all  of  the  data  required  by  the  quasi-random  model 
and  no  further  recourse  to  the  actual  spectral  lines  is  necessary. 

The  final  part  of  the  calculation  was  the  determination 
of  the  spectral  transmission  by  the  quasi-random  model  using  these 
values  of  I  o  At  the  temperatures  300°K,  250°K  and  200°K 

this  calculation  was  carried  out  for  7  pressures  (1.00,  0.50,  0.20, 
0.10,  0.05,  0.02,  0.01  atmospheres)  and  for  each  pressure  for  15 
different  amounts  of  CO2  (10000,  5000,  2000,  1000,  500,  200,  100, 

50,  20,  10,  5,  2,  1,  .5,  .2  atm  cm).  These  amounts  do  not  cor¬ 
respond  to  the  number  of  atm  cm  at  the  temperature  considered; 
but  are  normalized  to  standard  temperature,  273°K.  Thus  they  are 
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obtained  by  multiplying  the  amount  at  temperature  T  by  (273/T).  When 
these  normalized  units  are  used,  the  variation  of  the  transmission  with 
temperature  of  a  particular  sample  of  gas  can  be  obtained  directly 
from  values  listed  In  the  tables  for  the  same  value  of  u  at  each 
temperature.  The  calculation  produced  the  transmission  every  2.5  cm 
over  the  entire  frequency  range  of  Interest.  The  complete  tables  of 
these  results  are  given  In  Appendix  C. 

Finally  the  transmissions  given  In  the  tables  of  Appendix  C 
were  Integrated  over  three  larger  frequency  Intervals  (20,  50  and 
100  cm~^)  to  produce  an  average  transmission  which  corresponds  with 
the  results  of  measurements  made  v>lth  Instruments  having  spectral 
resolutions  of  these  three  amounts.  This  Illustrates  how  the  previous 
results  can  be  averaged  over  any  larger  spectral  Interval.  These 
results  are  given  In  Appendix  £,  F  and  G. 


3.4  USE  OF  APPENDICES 

The  seven  appendices  which  follow  this  section  represent  the 
results  of  the  present  calculation. 

Appendix  A  lists  the  vibrational  energy  levels  In  wave 
numbers  of  carbon  dioxide  for  eight  Isotopic  species.  The  levels  of 
each  Isotopic  species  are  labeled  by  V]^,  i,  V3,  and  V2  -  the  latter 
quantum  Humber  (v2)  Is  Indicated  Implicitly  while  the  former  are 
presented  explicitly.  The  sets  of  energy  levels  (from  left  to  right) 
following  a  particular  vi,2,  V3  designation  correspond  to  specific 
"values  of  V2,  viz.,  •  I  ,  i  +  2,  i  +  4,  . . .  All  levels  whose 
energies  are  less  than  or  equal  to  the  (vi,V2,V3;l)  levels  (12,0,0;0), 
(0,24,0;24)  and  (0,0, 6;0)  are  given.  (See  section  2.1  for  a  detailed 
explanation.)  The  ordering  of  the  (vx,'^,V3)  entries  Is  based  on 
letting  Vj^  go  through  its  entire  range  (subject  to  the  above  maximum 
energy  limitations)  for  each  value  of  I  and  V3.  These  combinations 
of  I  and  V3  In  turn  are  generated  by  letting  first  2  and  then  V3  run 
through  their  ranges  In  ascending  order.  To  find,  for  example,  the 
(vi,V2,V3;i)  level  corresponding  to  (1,4, 3;2)  one  -begins  by  locating 
the  levels  of  V3  “  3  In  the  third  column.  Next  the  Z  ^  2  group  are 
located  from  these  V3  entries  and  then  the  V3  >  1  row  or  rows  are 
found.  Finally  the  V2  ~  4  energy  level  will  correspond  to  the  second 
energy  level  from  the  left  (since  these  levels,  as  has  already  been 
mentioned,  correspond  to  V2  "■  ^  ■¥  1,  i  -H  4,  ...). 

Appendix  B  contains  the  coefficients  Sg  and  n,  (see  Eq.  (25)), 
for  the  top  five  Intensity  groups  as  a  function  of  frequency,  if 
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Intensities  nujre  than  eight  orders  of  magnitude  below  the  strongest 
group  had  been  needed  to  provide  five  groups,  one  or  more  of  the  five 
groups  are  listed  as  identically  equal  to  zero.  A  particular  fre¬ 
quency  entry  which  is  in  the  first  column  corresponds  to  the  center 
of  an  interval  extending  2.5  cm~^  in  both  directions.  The  second, 
fourth,  sixth,  eighth,  and  tenth  colunms  give  the  parameter  $  ^  which 
is  proportional  to  the  average  intensity  for  the  lines  in  each 
intensity  decade.  The  third,  fifth,  seventh,  ninth,  and  eleventh 
columns  give  n,  the  number  of  lines  in  the  intensity  decade.  Thue, 
subsequent  transmission  calculations  arc  based  upon  those  frequencies 
lying  midway  between  mesh  points  Implied  by  the  coefficient  tables. 

Two  sets  of  coefficients  are  included  for  each  temperature  and 
correspond  to  two  meshes  displaced  2.5  cm~^  from  each  other.  For 
identification  purposes  the  meshes  beginning  at  505.0  cm~^  have  been 
labeled  "unshifted"  while  those  starting  at  507.5  cm*^  have  been 
labeled  "shifted".  Again,  note  that  the  entries  correspond  to  the 
frequencies  at  the  center  of  two  mesh  points  (e.g.  the  entries  at 
505.0  were  calculated  from  the  spectral  lines  lying  be  tween  502.5  and 
507.5  cm*^,  etc.) 

Appendix  C  lists,  as  a  function  of  frequency  and  path_ 
thickness  (u  in  atmosphere  centimeters)  for  three  temperatures  at 
seven  different  pressures,  the  transmission  calculated  on  the  basis 
of  the  quasl-'random  model  using  the  Benedict  line  shape. 

Appendix  D  is  Included  for  comparison  purposes.  It  presents 
the  transmissions  as  in  Appendix  C  at  300°K  and  1  atmosphere  pressure 
only.  The  tabulated  transmissions  were  calculated  on  the  basis  of  the 
Lorentz  line  shape  rather  than  the  Benedict  modification  which  is  used 
exclunively  in  Appendices  C  and  E. 

Appendices  E,  F  and  G  list  the  transmissions  averaged  over 
20,  50  and  100  cm"^  at  intervals  of  10,  25  and  50  cm"^  respectively 
for  all  the  temperatures  and  pressures  of  Appendix  C. 

In  Figs.  3-1  to  3-3  portions  of  the  calculated  CO2  spectrum 
are  compared  with  the  experimental  results  of  Burch,  Gryvnak  and 
Williams^  for  nearly  equivalent  pressures  and  gas  amounts. 
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3-1.  COMPARISON  OF  THEORETICAL  RESULTS  WITH  THE  EXPERIMENTAL 
EASUREMENTS  OF  BURCH,  GRYVNAK  AND  WILLIAMSS  FOR  THE  15ji  BAND 


FIG.  3-2.  COMPARISON  OF  THEORETICAL.  RESULTS  WITH  THE  EXPERIMENTAL 
MEASUREMENTS  OF  BURCH,  GRYVNAK  AND  WILLIAMS^  FOR  THE  4.3ji  BAND 


i.  3-3.  COMPARISON  OF  THEORETICAL  RESULTS  WITH  THE  EXPERIMENTAL 
EASUREMENTS  OF  BURCH,  GRYVNAK  AND  WILLIAMS®  FOR  THE  Z.Tji  BAND 


APPENDIX  A 


THE  VIBRATIONAL  ENERGY  LEVELS  FOR  THE  EIGHT 
MAJOR  ISOTOPIC  SPECIES  OF  CARBON  DIOXIDE 
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APPENDIX  C 
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CARBON  DIOXIDE  AT  002  ATMOSPHERE  PRESSURE 
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.  Iljjj  jjjjj  11111  jjjjj  jjjjj  jljjj  jjjjl  lijll  Ijjjj  jlljl  jjjjj  jjjjj  Ijjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj 

,  IHIj  jljjl  lllll  jljjj  jjllj  Iljjj  jjjjl  llljl  jjjjj  jHII  jjjjj  jjjll  jjjjj  jjjjj  jjjjj  jljjl  ijjjj  jjjjl  ijjjj  jljjj  jjjjj.  jljjj  jjjjj  jjjjj  jjHj 


>  !!!!!  MM! !!!!! !!!!! !!!!! !!!!! !!!!!  M!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  MM! !!!!! !!!!! !!!!! !!!!! 

£ ,  jilll  lllll  jilll  llljl  lllll  lllll  llljj  lllll  jilll  lijll  Ijljj  Ijlll  llljj  Ijjjj  jjljl  lllll  jjill  Hjjl  jjjjl  jj!ll  jjj!j  jljjl  jljjj  jjjj;;  jjjjj 

j  i  jjjjj  jjjjj  Mjjj  jjj!j  jjjjj  jjjjj  jj!!!  jjjjj  jjjjj  jjjjj  jjjjj  jjjL  jjjjj  jjjjj  ijjjj  jjjjj  jjjjj  jjjjj  ijjjl  jjjjj  Ijjjj  jjljj  ijlj!  jjljj  !!!jj 

{  ,  IMM  !MM  M!M  !MM  MM! !!!!!  !•!!• !!!!!  MM!  !!ii! !!!!!  MM! !!!!! !!!!! !!!!! !!!!! !!!!!  !!>!! !!!!! !!!!! !!!!!  !!>!! !!!!!  !M!! !!!!! 
’  ,  iilil  ijlll  lljil  iiiii  Hill  ill!!  !!>!!  IM!! !«!!  ji!!!  !!jl!  ImM  lj|i!  iMM  !ljll  iljH  lljH  jjilj  jljjl  lijll  iIM!  jl!M  lIlM  MM;  l!!l! 

I  IMM  MM!  !MM  MMI  IMI!  !!M!  !MM  MIm  MM!  M!M  «!«  !«M  jMM  !!!!!  MM!  !!M! !!!!!  IIM!  HIM  !!!!!  !!!!*  »!!M  “!«  «‘M  mu 


MIM  MIM  HIM  MMI  IMM  !!!!!  !!!M  M!!! !«!!  MM!  M!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! 
MMI  IMM  MIII  MIM  MM!  ll!!!  j!!!! !!!!!  ll!!! !!!!!  !!!j!  jj!!!  !!!!j  !j!!j  Mill  !!!!j  Mill  l^j  jj!jj  !jjj!  jj!!j  !!jjj  jljj!  !!!!j 
MM!  IMM  MMI  MMI  IMM  !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !«!! !!!!!  !!|ll  MMI  IMM  MIM  MM! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 
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CAMON  OtOXIDE  AT  0.01  ATMOSPHERE  PRESSURE 


,  iiin  ii;n  nin  iiiii  iinii  hiii  ;ii|i  hhi  niii  i;;ii  miii  ifui  ;ii;i  ;i;ii  iii;;  ;iin  ;ii;i  i;ui  ;iiii  iiiii  Hi|i  niii  ;h;i 

iiiii  iiiii  ii^ii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  isiii  iiiii  ifiii  siii!  iiiii  !ii!!  iiii*  yiii  iiiii  !!iii  iiiii  iiiii  iiiii  iiiii  iiiii 

!  jlllj  jiiji  jjjij  iijij  jjjii  iiiji  lijii  iiiii  iiiii  niii  i'lii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii  iiiii  iiiii  h"* 

.  ;i;i;  inn  i;iu  IIIII  IIIII  IIIII  IIIII  IIIII  ||i||  IIIII  ||i||  l||ll  |ll|l  |||l|  |l|l|  |||l|  llll|  ll|||  |lll|  ||||l  |||||  |||ll  ||ll|  l||ll  IIIII 

.  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

t  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  liiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

•  mil  mil  mil  iim  iim  mii  mii  mii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iim  iim  iim  imi  mii  mii  mii  mii  iim 

,  jiiii  Hill  IIIII  IIIII  ||i||  IIIII  IIIII  IIIII  IIIII  |||ii  IIIII  IIIII  |i|ll  IIIII  IIIII  lll>l  IIIII  IIIII  Hill  IIIII  IIIH  illll  l|i|l  lli||  IIIII 


inu  iU|i  nni  i^ii  n^i  nni  n^  ii(H  |ii|i  i|iii  mhi  nni  nifi  nin  niii  UMi  MiM  iiih  >iiM.  iiiM  HIM 


,  mMI  MMI  Hnij  mM'  Hni  uni  uui  mMI  <MM  IMM  MM>  MMI  MMI  MMI  MIM  MMI  MMI  MM>  MMI  MMI  MMI  MMI  MMI  nni  mmi 


I  MMI  imM  MIM  MIM  MMI  MIM  MMI  Mill  MIII  Mill  Mill  HIM  MMI  IMM  Mill  MMI  Mill  MMI  Mill  MM!  Mill  M!!l  Mill  Mill  IIMI 

mmi  illll  lilll  iiiii  Illll  IIIII  lilil  IIIII  lilll  Illll  iiiii  Mill  illll  liiil  Hill  Illll  illll  IHH  Hill  iiiii  Hill  iiiii  iiiii  iiiii  iiiii 


MMI  IIMI  IIMI  MMI  MMI  MMI  IMM  IIMI  Mill  MIII  MMI  IIMI  MIM  IIMI  Mill  MIII  MMI  MIII  MIII  IIMI  MIII  IIMI  Mill  Illll  MMI 


■nil  Mill  IMM  MH|  MMI  MMI  Iim  mM  Iim  MM! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  !!'*!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! 

Hiii  Hiii  iiiii  iiiii  iiiii  HiH  HHi  HHi  IHH  Hiii  iiiii  iiiii  iim !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! 

iiiii  iiiji  ijiii  iijij  iiiji  jHij  iiiji  jjjjj  jjjji  jjjjj  jjjjj  jjjjj  jjjji  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jijij  jjjjj  jjiij  jjjjj  jjjjj  jjjjj  jjjjj 

IMM  iitn  i|;n  ni.M  mi.M.  MMI  IMh  !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  I!!!!  1!!!!  !!!$! !!!!! !!!!! !!!!! 

iiiii  iiiii  lull  Illll  lilll  iiiii  iiiii  HHi  iiiii  iiiii  iiiii  iiiii  iiiii  iHH  iiiii  iiiii  iiiii  inn  nni  iiiit  ntit  nni  iiiii  Hiii  iiiii 

JJ4JJ  JJJJJ  :jjjj  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  jJjjJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ 

inn  nni  inn  inn  inn  inn  him  him  Hin  inn  inn  inn  inn  nni  inn  inn  inn  inn  mn  nin  nin  nni  iini  nni  inn 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  jjjjj  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  jj.jj  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ 

inn  nni  inn  nni  nin  inn  nii|  lUM  i|in  nni  inn  inn  inn  inn  imii  mhi  inn  inn  nin  inn  nin  nni  imm  Mhi  nin 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  •••-- JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  jjj-j  JJJJJ  JJJJJ 

inn  inn  nni  inn  nni  nin  nni  inn  inn  nni  nin  nin.  inn  tnii  inn  nni  inn  m!<>  nni  inn  MM!  M>M  MMi  MM!  M!!i 

mil  inn  inn  niii  iini  inn  nni  inn  inn  inn  nni  inn  inn  inn  inn  niii  inn  niii  inn  inn  ilin  inn  inn  iiiii  him 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ 

inn  iini  inn  miii  iini  iiiii  nin  nin  niii  mm?  ntii  nni  inii  niii  ntti  Min  iiin.  inii  him  iiiii  !!>!!  inii  iiiii  niii !!!!! 

iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Hiii  iiiii 

JaJaJ  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  4JJ4J 

Uitf  Illll  lilH  nil!  Hill  ilii!  Ifili  tilil  Illli  fill!  Hiii  Hill  iVtit  Illll  Hill  UHl  lifH  Hill  IHH  IllCi  Iiii!  iiilf  lilll  liSSi  Illll 

44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  44444  444-J 

IIII!  Hill  Jlsii  iiiii  lilK  Illli  Hill  lllif  Iffli  HHI  HHI  iflH  HEIS  IHH  Illll  Illll  HIH  HHI  HIH  clHI  HHI  HHI  HHI  lilll  III!! 

4a4aA  44444  AA^jj  Wa^AA  AAAAa  ^AAAA  AA^AA  AAAAA  4^444  44m94  4444w  449*4  AAAAA  444*4  4aAAA  9*444  ^AAA^  Al!itA<t  Ja^AA  JaAAA  AAAAA  AA^AA  AAAAA  A*--*  J  •  • 

inn  mn  niii  inn  nni  inn  nni  mn  nni  inn  nni  >nn  nni  nni  inn  nin  nni  nn;  nn;  inn  nin  M>n  inn  nin  iiiii 

nm  Iiiii  inn  nm  mn  mn  mn  inn  mn  inn  mn  inn  nm  nm  inn  nin  mn  inn  nm  inn  inn  nni  inn  mn  nm 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ-  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iijij  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


nm  Illll  nm  inn  mn  nm  nm  nm  mn  inii  inn  mn  mn  inn  inn  imi  mn  nni  nm  mn  mii  iiin  inn  iiiii  nm 

44444  4444J  J444J  44J4J  rijn  44444  44444  44444  44444  44444  44444  *4444  44444  44444  44444  44444  44444  44444  44444  44J4J  J4JJJ  jjjjj 

Iiiii  illli  Illll  inn  illli  mn  mn  nm  nm  mn  nm  mn  iini  mn  nm  nm  nm  nm  inn  inii  mn  iiiii  mn  nin  iini 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  iijjj  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JiJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ 

Illli  illli  iiiii  lilll  mil  mn  nm  mn  nm  mn  nm  mn  UMi  nm  inn  mi!  mn  mn  mn  iini  mn  iini  nm  iiiii  iiiii 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  jjjji  JJJJJ  JJJJJ  JJJJJ  j,jjj  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ 

nni  Mill  Mill  iimi  nm  nm  mn  mn  hui  mn  him  mhi  Mm  iM!l  !MM  in!>  nm  !nii  nin  niii  nm  nin  nni  inn  him 

JJJJJ  JJJJJ  JJJJJ  jjjjj  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  3jj-3  333.13  33333  33333  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjJj 

illli  HIM  MMI  IIIII  IIIII  mn  nnt  nm  him  mhi  mn  Min  cini  imi  nin  iiM*  inn  nni  nm  inii  mn  nm  mn  nm  nm 

JJJJJ  JJJJJ  JijJj  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  33333  JJJJJ  33333  33333  33333  33333  33333  33333  JJJJJ  iJJJj  33333  33333  33333  33333  33333  33333  33333 

iiMi  Mill  IIIII  IIIII  i»n  nm  mn  inn  iiiii  iusi  iitn  inii  niii  mM!  !ini  MM!  MMi  Min  mn  nm  i»i>  mn  nm  mn  mn 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333 

Illll  Illll  nm  inn  imi  nm  mn  iini  nni  nm  mii  Mui  mn  iiii!  mmi  inn  M!i>  iMn  iim!  mui  nin  liin  imi  inn  inn 

JjjJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JiJJJ  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  3-333  33333  33333  33333  33333  33333 

iiin  mil  inn  nm  mit  mu  inn  mM!  imm  niis  imM  niM  inn  Mm  nni  iiiii  mn  nni  nni  inn  ntn  nm  mn  nm  inn 

33333  33333  33333  33333  33333  33333  33333  33333  33333  JJJJJ  33333  JJJJJ  JJJJJ  33333  33333  33333  JJJJJ  JJJJJ  33333  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  33333 

mil  imi  mil  nm  nm  nm  mii  m;i  lun  inu  iim  mM  iUM  i'Mi  nm  iim  ii‘  i>  iiMi  iim  !M»  mn  mn  mn  nm  mn 

44444  44444  44444  44444  44444  44444  44444  444*4  SwjH  44444  23^44  3ja24  44.|22  32^4^  44444  44444  44444  44444  44444  44444 

mn  IHH  HIH  Hill  IHH  IfHi  IMM  MIM  Mill  UK*  iHM  HIII  Illli 

44444  43^44  44444  44444  44444  44444  44444  33344  44444  44444  44444  44444  44444  44444  44443  44424  44344  44344  44344  44344  44444  44444  44444  44444  44444 

HtH  HIH  HIH  HHI  IHii  HIM  HHI  IHH  HIU  HHI  HHI  HHI  IHH  Hill  lilll  HIM  111:1  HHI  Hill  IHH  HIH  IIHf  iHH  IHH  HIH 

44444  44444  44444  44444  44444  44444  44444  44'444  44444  44344  44444  44444  44444  33344  44443  44444  44334  a'4443  33444  44444  44444  44444  44444  44444  44444 

!:!!!  !s!!! !!!!:  Illll !!:!!  Illll  IM  Ell  i!!!!  :»3! !!!!! !!!!! !!!!!  mil  !!ii!  im !!!!!  !!‘l! !!!!!  IBl  !i!i!  Mill  !!ii! !!!!! 

!!!!!  !!!!!  !!!??  i!!!!  !!5i!  S!!!i  i55K  iSsH  !H!!  li!!!  5515!  5555!  55S5!  5555!  555!!  55555  !!!!5  55555  55555  55555  55555  55555  55555  55555  555!! 

5555!  55555  55555  5555!  55555  55555  55555  55555  55555  !55!5  55555  55555  55555  55555  55555  55555  55555  55555  55555  5555!  55555  55555  55555  55555  55555 

55555  55555  5515!  5!!55  55555  5!5!5  5555!  5555!  55!!5  55555  !5!55  55555  !!!«  !!!55  !55!!  55155  5555!  5555!  5555!  !!55!  55555  55555  55555  !5!5!  555!: 

ijiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 
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CARBON  DIOXIDE  AT  00*  ATMOSPHERE 


,  ■  iiiii  . 
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m\  iilll 

\m  mil 


Hitt  niSi 

1  mu  4iUi 

m  !!!!! 

mil  !H55 

lllli  Hill 

:  UiU  UUi 

!!ili  tIHf 

UUi 


mil  !H!J 

:  i^Ui  UUi 

3SIH  ft!:: 


IV^ii 

liiU  lliVi 


HH!  m  mil  HH! !!!!!  Hill !«« !!5!!  51515  55555  55555  55555  55555  51555  55515  55555  15555  55555  5555!  !S!! 
555!!  !5!5!  555H  «!!5  !!H!  Hill  55555  55555  55555  55555  5555!  55555  55555  55555  55155  55555  55555  55555  5!ifi  55H5 

55555  55555  55555  55555  55555  55555  55555  !!5!!  55555  55555  55555  55555  5!!5!  55!!!  51555  ISSS  5515!  5555!  !!!!!  55555 

55555  55555  55555  55555  55555  55555  55555  55555  !!55!  55555  55555  55555  55555  55555  55555  55555  5555!  55555  55155  5!!5! 

55555  5!!!5  !!5!!  55555  55555  5555!  55555  !!!55  55555  55555  55555  55115  55555  15555  5555!  55555  55555  55555  5555!  55!!! 

55555  55555  !!!!!  !!!!!  !!!!!  5555!  !!5!5  !!!55  55555  !!!5!  5555!  55555  55555  555!!  55555  5555!  55555  55555  5!!!!  !!!!! 

!!!55  55555  5555!  5!!!!  !!!!!  555!!  !5!5!  55!!!  555!!  55555  55555  5555!  55555  55555  55555  55555  51555  5551!  5!5!5  55555 

mil  5115!  51115 !!!!!  H551  11511  55155  55!!5  51555  55551  15555  5555!  5555!  55555  5155!  55511  !!5!!  15111  !5555  15555 
Hill  11555  51115  1!!!!  lllll  5115!  lllll  5551!  11555  55551  5551!  111!!  55551  :5!!5  15555  i!151  15!!5  1551!  !!!!1  5!!55 

11111  lllll  lllll  11515  55551  11115  lllll  55555  5151!  lllli  111!!  lllll  55151  111!!  5115!  Hill  !!!!!  lllll  !!!11  5551! 

mil  lllll  lllll  51551  55111  15515  11155  15555  51111  11551  55555  51511  lllll  15515  11!!!  !!1!1  111!!  lllll  !!51!  15!5! 

HH;  HIH  Kill  litH  liHi  Hlli  HIH  clH!  !H!£  HHI  )!l|!  iiSH  IHH  Hill  Hill  iilll  Hill  iiiii  iiiil  ilili 

immim  ••Jaa  aa44J  aJaaa  i»^U  U(tm»  Um»m  Jmimi  aaJaJ  UdU  mimim  imiU  aUmi  UUi  iiUi  Uiii  iUii  iiiU 

!HH  Hlil  IHH  HTH  mil  !KH  I^H  IHH  KU!  IHH  It;!!  ::Ili  ^>11  H!U  UUi  Hill  iiiii  Hlii  lllli  iiiil 

aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aa4aa  aaaaa  aa4aa  mimU  mimaa  a4aaa  aaaaa  a4aa4  *444#  ••a44  a4a4« 

Uiii  iUi:  nui  !H;I  ilU!  :tti|  UU!  ml:  Itlii  Iiiii  iiiii  !l!i|  Iiiii  iiiii  iiiii  iiiii  iiiil  HU!  iiiii  iiiii 

aa:.aa  ..aaaa  aaaaa  aaaaa  aaaaa  aaaaa  4aa4a  _aaaa  BBaa4  a4aBa  aaaaa  a4aBa  aaa4a  a4aaa  44444  a4a4J  44444  a4444  44444  44444 

H!H  HIU  Uiii  UH!  UUI  UUI  lilU  <tUi  Hil!  UiH  iUli  iiiil  Hii!  iiiii  Uiii  iliiP  iiiii  iiiii  Hi!!  iiiii 

.....  aavaa  aaUaa  aaai.'*  aaJaa  4aaaa  aaaaa  aaaaa  4a4aa  aaaaa  aaa4a  aaaaa  aaaaa  44a44  «a*a4  44a4a  4a4aa  aaaaa  aaa4a 
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Hill  IHH  Iiiii  HIH  Hill  IIIH  IHH  HIH  HMI  IHH 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ 

IHH  Mill  HHI  Hill  IIIII  HHI  mn 

jjJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  Jjjjj  jjjjj  jjj.j  jjjjj 

HHI  HIH  IHli  iiiii  mil  HIM  UMI  M»l  »>M  im> 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  Jjjjj  jjjjj  jjjjj  jjjjj 

IIIII  IIIII  IIII!  IHH  IIIH  IHH  HIM  MIM  M>M  >MM 

JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  IjHj  jjjjj  jjjjj 

HHI  sjlM  llljj  i^Mj  MIM  HIM  »M.M  HIM  IMM  HIM 

iiiii  m  issii  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

illli  illll  Hill  mil  mil  mil  mii  imi  vm  imi 


I’ll!  Hill  IIIII 


HIH  IHH  HIH 

JJJJJ  JJJJJ  JJJJJ 

jiHi  him  imm 

illll  mil  HHI 

JJJJJ  JJJJJ  JJJJJ 

HIM  Mill  IHM 

iiiii  jiiii  iiiii 

Hill  Hill  mil 


Hill 

' 

HH!  Hit! 

JJJJJ  JJJJJ 

HH|  IIIII 

jjjjl  JJJJJ 

HIM  MMI 

iiiii  jiiii 

:  iiJrn  iim 

:  iim  mil 


HH!  IIII! 

iiiii  Hiii 


mn  %mi  hhi  iihi  iihi  tiiu  ittii 

iiiii  am  am  ma  am  aia  iaa 

H*n  f^HI  HHI  IIHI  HHI  HIH  HHI 

am  aia  am  am  iaa  am  am 

Sillf  HHI  HHi  HHI  IIIH  HIH  IIIH 

am  ma  am  ma  am  iaa  am 

ziin  mi*  !!S!i  mu  hih  hih  hhi 

am  mii  mii  am  aai  am  am 

mi  mmi  \\2m  im 

•••••  ■••••  •••.<>«  ••••• 

Hill  mil  mil  mil  mil  mii  iiiii 
mil  mil  mil  m  minim  imi 
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miiwm 

itlH  HIM 

iiUi  UUi 


im  m\  HtM  WM 
IM  M\  !!li!  iiiil !!!!! 


MMI  HIM 
Mili  iiMi 
ilili  liiii 


iUii  KHi  iHii  iiiii  Hill  tiiti  iiiit  imi  iiiii  <1111 1 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  . 

um  iMH  iim  iijn  uin  Hiii  imi  mii  ittii  \i\t\  i 

Viiii  iiiu  iin!  imi  iiin  imi  imi  imi  iiiii  iiiii  i 

am  ma  am  aai  aai  nm  mu  ma  mu  am  . 


Hlfi  Hill 
iaa  iaa 

iSHi  mil 


l!H3  mi! 
aai  I1I44 
iiiii  nil! 

am  aaj 

!H!!  ]IH! 

Hill  IHH 


IIIII  Iiiii  mil  iiiii  IIIII  IIII1 1 

am  am  am  am  am  ain 


um  Kill  iim  iiiif  IIIII  IIIII 

iaa  am  ma  am  ain 

IIIII  IKK  mil  mil  mil  mii 

4333^  ma  am  ma  am  ma 

Iiiii  Iiiii  iim  imi  mil  mil 

3^333  iaa  am  am  am  am 

liii!  !i!ii  mil  mil  mil  iim 

43iJ4  3j3iJ  ^^333  ma  am  iun 

im  u«i 

iiiii  iiiii  m  isiii  m  iiiii 
iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


Iim  ifm 

ma  am 

IIIII  IIIH 

am  ma 

ma  HH! 
h;« 

iiiii  iiiii 

iaa  aai 

iiin 

sscci  s2c«< 


m\\ !«!! !!!!!  !IH5  iM  H5!S  lllli  m  !!i!!  3!i!!  S3335  Sl!3! 
nm  !!!!!  mil  mi  lllll  im  imi  im  333!!  33333  33!!3  33333 

!3!!!  !!!!!  H358  !!53!  3333!  3!3!5  333!!  3338!  53558  3833!  33883  3333! 

33333  !!833  33!!8  53333  55!3!  13533  3335S  38333  3853!  33333  33333  33333 

313!!  33333  33335  33333  3333!  35533  3333!  !!335  33333  33333  83!!3  33833 

3333!  53333  33535  !5i!!  33351  3!!3!  !3!3!  53333  33353  53333  53553  353S3 

Illii  IIIH  HHI  HHI  HiH  iSH!  !HH  HUI  IHH  IHii  Hill  IHii 

aai  am  am  ma  am  aai  am  am  am  am  iaa  ma 

Hill  Hill  lilfi  nm  Still  ma  mu  asM  UMi  mIM.  M.iM  4MM 

am  aia  am  am  aia  iiiii  mu  am  i»iii  aimm  ••ai 

IIIII  IHH  Hit!  ilHS  ini!  H!H  IIIH  SHI!  Hill  Hljl  Hill  IIIII 

iaa  am  am  am  ma  am  am  niii  aat  inn 

53553  33333  35355  8533!  51535  33333  35533  !!355  !!58!  8!583  88888  8!8!5 

33333  3333!  33333  3333!  3333!  I333!  3!!3! !!!!!  3!!!3  !!3!3  33333  3333! 
333!!  33333  33333  33333  33333  33333  3333!  333!!  8333!  !3!3!  33333  33333 

33333  33333  33333  33333  33333  3333!  333!!  !!3!!  !!!!3  3!!3!  33333  !3!!3 

Hill  !i«i !«!!  h;m  him  him  HHI  HHI  MH<  HHI  HIM  HIM 

iiiii  iiiii  iiiii  iiiii  mi  ssiii  iisi!  siiis  im  ssisi  !!3!3  33!i! 

mmm  iiiiiiiliniiiiiiilliliiiiiiiiiii  liiii  iiiii 


33333  33!!3  33333  3!!33  3333! 
33333  33333  33333  33333  33133 

IIIH  IHii  HH!  HHI  li>M 
aai  iiiii  ma  iua 

mi  33333  3333!  33335  3333! 
33!!3  33333  33333  83315  33333 


IIIII  IIIH  HHI 

am  am 

Hill  mil  lilfi 

am  am  am 

IIIII  IIIII  iim 

am  am  am 


IIIII  niii  i 

iaa  am 

fiiii  iiiii 

iiiii  am 

lllll  lllll 


HIH  IHH  HM- 
am  ma  32344 

3333!  33333  33333 

35835  53333  33533 
38833  33333  33333 

iiiii  tii!!  iiiii 

44444  ma  aai 

5iii|  !i2i} 

tcilS  fkttk  titk;. 


!!3!!  3338!  3335S 
!!!33  !!!!!  !!!33 

3!!!!  !!!!!  !!!!! 

IIIII  HIM  M>M 

iiiii  iiiii  33443 

38!!!  !!!!3  !33!3 

!!!!3  !!8!3  33333 

!!!!!  !3!!3  33333 
iiiii  iiiii  iiiii 

ma  am  am 

liiii  iiiii  iiiii 


I?  • 

s': 

1  ' 
! 

I  I 


MfM  MMI 

iiiii  iiiii 
33333  33333 

33333  33333 
|MM  3MM 

83838  83333 

33833  33333 
33333  33333 
33333  3!!3! 
3MM3MM 
!!!88  3888! 
3Mir3«M< 


HM<  <HH  HH<  HHI  <MM  MM<  MM<  MMI  MMI 

iiiii  iijii  iiiii  jiiji  iiiji  aiii  iiiii  iiiii  iiiii 
33333  33333  3333!  33333  3!!!3  i*!!!  33333  33333  33333 
H;H  ;<h|  hhi  <;h<  (HM  MM'  3MM  MMi  MM) 

33333  3333!  i!!!!  3333'  33333  !33i3  33333  33333  33333 
jiiii  iiiii  ijiii  Miji  iiiii  jilji  iiiji  iiiii  iini 


!3!33  !!!!! 

MM<  MMI 

!!!!!  3!!!! 

iiiii  iiiii 


333!!  33333  33333 
8!!33  !!!!!  33333 
333!! !!!!!  3!!33 

!!33!  3!33!  !!333 

;HM  I!MI  M!M 

niii  i!!ii  i33!i 

|ii;i  MMI  3i!!i 

liiii  iiiii  liiii 

iiiii  iiiii  iiiii 
iiiii  iiiii  iiiii 


Mill  illll  MM3  33333  IMM  MMI 
jiiii  ;iiii  jiiij  liii;  inii  iIik 

nil!  liiii  iiin  liin  inn  ni)) 

MMI  Mill  Mill  MMI  HM!  !!535 
!33!!  3833!  !!ni  IMII  8!8I8  «»»«< 
Mill  Mill  Mill  HIM  5K38  )«»33 


33in  3!!!!  3!!!!  !!!!5  !!!!!  !!!!5 
Mill  Mill  MMI  Min  33III  HIM 

iiiii  iin!  iin:  mi  mi  im 
iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


HHI  HIM  IMM  IMM  Mill  MMI  lllll  llll!  M!!!  31111 3I333  till! !!!!!  ill!! 
jiiii  iiiii  jiiii  iijii  iiiii  iiiii  iiiii  iiiii  jiiii  jijjj  jjjjj  jjjjj  jjjji  ijiij 

jjjjj  jjjjj  jjjjj  lijjj  ijjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjiii !!!!! 

IHH  HIM !!!!! !!!!!  !!M!  him  mim  Mil!  iiii! «!!!!  HIM  IMM !!»! »!!! 
iiiii  iiiii  Iiiii  mil  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  jiiii  iihi  him 

iaa  ma  am  am  iaa  am  43344  44444  44444  44443  am  am  am 

Silt:  mil  am  sim  mil  iiiis  istis  imi  msi  imf  sms  imi  him  sim 

444^^  44444  44444  44444  44444  44444  44444  4^444  44444  44444  am  44444  44444  44444 

am  mil  am  am  am  mii  iim  msi  am  am  imt  aia  aai  ma 

am  ma  am  am  ma  ma  am  am  ma  am  am  ma  am  am 

am  iiai  iim  ma  ma  ma  tim  imt  ma  ma  am  am  am  ma 

44444  .44..  ma  iaa  ma  am  43444  ma  aai  iaa  am  mu  am  am 

tail  aia  ma  aia  aia  am  iiiii  iiiii  am  am  iaa  am  am  ma 

44444  4.-444  44444  am  am  ma  44444  am  am  m.  i  ma  am  am  am 

Ilia  ma  ma  am  ma  am  am  iiai  ma  am  am  am  sail  saa 

am  ma  ma  am  am  am  am  44444  am  am  iaa  am  am  am 

am  aia  aas  iaa  am  ma  iaa  am  am  am  am  am  ma  ma 

44444  am  ma  am  am  am  am  am  ma  am  tan  am  am  ma 

am  aas  ma  am  am  ma  am  am  uas  am  laii  aai  \im  aai 

4444.  444.4  iiiii  iiiii  iiiii  iiiii  444.4  44...  .4...  ...4.  ...4.  4....  ...4.  .444. 

HIH  HHI  |M»  MMi  •»))  »))>  ))))>  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiM5 

44444  44444  44444  44444  44444  44444  44444  44444  44444 

HIH  <Mii  MMI  DIM  MMI  <1111  MMI  IHli  IMM  HMI  HIM  HIM  HIM  Mill 

aai  msi  am  imi  aia  am  aai  am  nia  am  sna  am  asa  ims 

33334  33443  33444  am  ma  am  ma  am  aai  am  aai  am  aai  aia 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  liiii  iiiii  iiiii  iiiii 


3  3!!M  !!i!l  M|l!  !!M!  !l!l!  !!MI  Mill  !!l!l  M(!|  MMI  MIM  MMI  MMI  qMI  Miq  MMI  MMI  !MM  MMI  IMM  IMM  MMI  Mill  IMM  MMI 

3  iini  nil!  ini!  niii  liii!  nifi  iin!  niii  iin!  nni  iiin  3i3i!  iiiii  niii  inii  iiiM  liiii  iiqi  ii!!!  iii!!  iii!!  iiii!  iiiii «!!!!  i!!!? 

-  !333! !!!!!  IH!! !!!!!  38!!!  IH!!  !!H3  !H!!  HH! !!»!!  H!!!  333!!  III!!  !!M! !!!!!  HM!  H!!!  H!!! !!!!!  !!!H  !!H!  !!H3  III;!  llll! !!««! 

■  nn!  n!!!  !nn  im  inn  inn  nn!  nin  nni  nin  iim  iiiii  imi  in!!  nni  iiin  nin  nn!  inn  ins!  inn  nni  m  m  inn 

.  him  lilii  !M3!  HH!  33111  IIIH  3333!  !HH  33333  H333  MIM  Mill  HHI  Mill  IHH  llli|  31131 31111  M!!l  HM!  IHM  Hill  11111  >1111  <1111 

•  Hiii  iHH  liii!  im  iiii!  lini  nin  nni  'hh  hhi  im  iim  iiiii  iiiii  hhi  !8iH  nin  hh5  hhi  ihh  iiiii  siiii  33333  iiim  ihii 


nni  ni!!  iim  inn  nin  nin  niH  inn  :H3  nui  iim  niH  him  ihh 
nu!  inn  nin  nni  inn  nin  inn  mi  inn  im  nni  niii  niH  nni 
inn  inn  inn  inn  nni  inn  inn  inn  niii  inn  inn  inii  nni  inn 

lllll  iini  nni  nni  inn  inn  inn  inn  inn  inn  inn  niii  iini  inn 
nil!  nni  nin  inn  inn  inn  inn  inn  inn  inn  inn  iiiii  hiii  iiiii 
inn  inn  nin  mil  nni  inn  inn  inn  inn  nni  iini  iiiii  hiii  iiiii 

mil  nm  inn  mn  nni  inn  mn  inn  nni  inn  iiin  niii  inn  inn 

ni3i  iffl!  nni  nni  mn  nm  mn  mn  33M1  mmi  mh!  mm . . 

mn  nm  nm  imi  nm  mu  nm  nin  mn  mn  inn  nm  iim  inn 

HHi  iiH!  HH!  HH!  iiiii  iiiii  iiiii  iiiii  iiiii  iiHi  iiiii  iiiii  iiiii  iiiii 


iiin  mil  mil  mn  nm  iiiii  iiiii  iiiii  hhi  him  hhi 

lllll  lllll  lllll  HHI  HHI  HHI  mil  mil  HHI  IHH  HIH 

lllll  Hill  lllll  lllll  lllll  HIII  IIIH  IHII  HIH  38133  33333 

3H33  3!!8! !!!!!  88338  3!!!3  HI!!  333H  33333  33335  33333  33335 
333H  IHH  HHI  HHI  IHH  HIH  HHI  Hill  HI!!  333!! !!!!! 
nm  ml!  hih  nm  hhi  !hh  nm  33333  nm  33333  hhi 

mn  H8!!  HH!  HH!  3!!!!  38!!!  H!H  mU  !!!!! !!!!« !!!!! 

MMI  MIM  MMI  MMI  MMI  MMI  MMI  MMI  MMI  MIM  MMI 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iim  hih  iim 

iHii  iiiii  iiiH  iiiii  iiiii  iiiii  iiHi  iiiii  iiiii  ill  iiiii 
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OIOXIDE  AT  0.10  atmosphere  PRESSURE 

T-2O0rK 


,  UMI  MMI  KIH  iUU  UtM  MUI IMM  lUU  MMt  MMI  U.M.I  m»  \m  MMI  IMM  MMI  MIM 

,  jjiii  |;;|;  |i|j;  jiijl  j|;;i iliji  uj;!  Hill  IjlH  iiiii  |i|m  ihh  Imii  hIm  \m  MiM  IlHi  IHli  lljll  IIHI  Hill  HIH  jiHI  jllii 

-  M\ !!!!!  \M !!!!! !!!!! !!!!! !!!!!  M\  Ml  !!!l! !!!!!  MA  ^IHi  Ml !!!!!  !!H!  IM  !!!!!  lii!!  IM  iiii;  iilli  Hljj !!!!! !!!!! 

*  !!!!! !!!!! !!!!! !!!!! !!!!!  !'J!!  !!!^!  !!!H  !!!!!  ‘JK! !!!!!  H!!! !!!!!  HH! !!!!!  ilM! !!!!! !!!!! 

.  Hill  HHI HIH  HH>  IIIII  IIIII  IIIH  IIIII  HHI IIIH  IIIII  IIIII  Hill  Hill  IHH  IIIII  Hill  Hill  IHH  Hill  IIIII  IHH IIIH IHH  HIm. 

,  IHII  IIIII  IIIII  Hill  IIIH  IIIH  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  Hill  IIIH  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  HHI  IH.II  HHI  HHI  IIIII 


9 


i « 


I 


I 


i 

I 

I 


I 


iiHi  Mill  iiiii  Mi.ii  yiij  MiM.  HMi  ;;mi  Hq[  m.i.m  nn;  m.mi.  itiii  ii^[  iiiii  iqq  liiii  iitit  iini  nni  iiiii  niii  qqi  mq  qiii 

IHH  IIHI  IIIH  iilll  lljll  Hljl  Ijlll  IIIII  IHjl  IIIII  Hill  IIIII  Hjll  Hill  HHI  llllj  HHI  HHI  IHH  HHI  HHI  jlHI  HIjl  Hijl  j;|jj 

HHI  !!!!l  Hlii  Hlji  HHI  IIIH  Iilll  HHI  IIH!  IIIII  IHII  IHl!  IIIII  IIIII  IIIII  IHII  IHH  lljll  jllll  Ijljj  jljjj  ijjjj  jjjH  jjlH  hIiI 

qiii  iiiq  iqq  qiq  uni  |iiii  iqu  iiiii  qiii  ucu  liin  iiiii  uiii  iiin  uiii  inii  i^u  luu  ^iii  qni  iiiii  qiq  q;q  iqq  qqi 

Hill  IjlH  HHI  IHH  HHI  IHH  HHI  HHI  HHI  HHI  IIHI  HHI  HIH  HHI  HIH  HHI  HHI  HHI  HHI  HHI  Hill  HHI  HHI  HHI  llllj 

j!!!!  jHjj  jjjjj  jjjjj  jj!!!  jjjj!  jjj!!  jjjH  jH^!  ^  jl!M  jHq  Hj;;  im  qHj  Hjq  jjjH  jHu  jjjH  !ujj  HHj  jjjH  jjjji  jjjjj  jjjjj 


M«M  um  MIH  KUI  m\  Mill  IIIII  IIIII  IIIII  IIIM  Mill  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  Mill  IIIII 

jjjjj  jjjij  ijjjj  jjjjj  jjjjj  jjjjj  jjjjj  ijjH  jjjjj  lljll  ijljj  jjiji  lljll  jjjji  iiMi  Hjij  ijljj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj 

Hjll  HHI  jijjl  HHj  jllll  HHI  HHI  IIIII  HHI  IHII  HIH  iHH  liHI  HIH  <1111  HHI  HIH  HHI  IHH  HIH  IHH.  HHI  HHI  jllll  jljjj 


iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  liiii  iiiii 


: 

: 


s  I 

l« 

i 

i 

I 

i 

I 

r 


Ml !!!!!  mil  H!M  MM! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  MM!  MM!  !!!!! !!!!! !!!!! 

jjljj  jjllj  jljjj  jjjlj  jjjjj  jjjji  jjjjj  jjjji  Ijjjj  jljjj  Hill  jjjjj  jlllj  Ijljj  HHI  Hjjj  lljlj  jjjjj  jllll  HHj  jjlll  llljj  jjllj  jijjl  jjjji 

llllj  jlljl  HIH  jljll  Hjjj  jljll  jllll  jjjji  HHI  jHjj  IIIH  HIH  Hjll  IHII  IHH  HHI  HHI  IHH  HIH  IHH  lljll  jlljj  lljll  IIIH  jjjH 

!!!!!  !!!M  iqM  MJM  !MM, !!!!!  M.M! !!!!!  MM!  HJ!*  MMi  MM'  MM!  MM<  !!M!  MMi  !!M!  MMi  Mq!  M!M  iqq 

jqjj  jj!jj  j!jjj  jjjH  !jjj!  jjjjj  jjjjj  jjjjj  jjjjj  !!!!!  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjijj  !!!!!  jjj!j 

jljjj  Ijjlj  jljjj  jjjH  HHI  jjjH  Hjlj  jj;!!  HHj  jjjjj  HHI  jjjji  IIIII  HHI  IIHI  llllj  HHI  HIH  IHH  Hjll  jlljl  jljll  jjljl  Ijljl  jljjj 

jjijj  jjjjj  jjjjj  jjfjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  llllj  jjjjj  jjlll  jjjjj  jllll  lljlj  IIHI  jjljj  jjjlj  jHjj  Ijjjl 

!qj!  jjjjj  iil!!  jjHj  'jjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  lljlj  jjjjj  HHI  jljjj  IHH.  Ijljj  jllll  HHl  jjlll  jjjil  jqjj  jjjjj  jilll 

Hll!  !!!H.  HIH  !!!!!  H!!! !!!!! !!!!! !!!!!  H!H  !!!!!  !^'^!  H!!!  !^^^^  ^!H!  ^'!!!  H!^*  ^MM  !M!!  HM!  !MM  qiq 

jjj!j  jljjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jljjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jljll  jjjjj  jijjj  jljjj  jqM 

jjjjj  jjjji  jijjl  jjjil  jjjjj  jjjlj  jjjjj  jjjji  jjjlj  jjjlj  IIIH  !!jH  HIH  HHj  HHI  HHI  HHI  HIH  HHI  HHj  llljj  llllj  Iqjl  HHj  jllll 


!!!!!  !!!!'  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!!!  !!!M  !>!!!  !!!!!  IM!!  M!!! 

Iljjl  jjlll  Ijjjj  jjllj  jjjjj  jjjil  jljjj  jjjji  IIIII  Ijjlj  lljll  HIH  Hill  HHI  IIIH  HIH  IIIII  IIIH  IIHI  HHI  Hill  HIH  IIIII  HHI  HHI 

jjjji  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjHj  jijjl  HHj  jijjl  IHH  HHj  HHI  HHI  HHI  HHI  HHI  IHH  HHI  llllj  HIH  Hjll  jjllj  jjjjj  Hjlj 


iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 
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I I 
i« 

i 

i 

i 

i 

I 

I 


?S1!!  mil !!!!!  !!H! !!!?!  HH!  Hill  ?!!!! !!!!! !!??! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! 
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.  ijiii  iiiii  iiiii  iiM.j  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

.  Hit!  IIIII  i!i|i  IIIII  itiq  IIIII  ii|ij  IIIII  mil  mil  mil  nm  nm  |im  mii  iim  nm  um  mu  mu  mu  mu  iim  mu  nin 

.  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

-  mil  mil  mil  mii  mii  mii  iim  mii  iiim  iiiii  iit*i  ihh  mu  iii|i  mii  mii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


,  imi  Hill  HH!  mil  mil  hhi  mu  um  hih  um  hhi  nm  mu  ihh  ihh  mii  mu  i.hh  ihh  iim  mu  ihh  ihh  mu  hhi 

H ,  iiiii  iiiii  iiiii  iiiii  iiiji  ijiii  jjjjj  iijjj  iiiii  ijiii  iiiji  iiiii  iiiii  jjijj  iiiii  iiiii  iiiii  iiiii  iiiji  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

’  .  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

J  •  . .  — -  . . .  . . -  ----- 

}  I  HIH  Iim  imi  Hi|i  mil  iim  i|i||  hhi  um  iim  mu  mu  mu  mu  imi  imi  iim  um  mu  um  mu  um  mu  mu  uui 

• ,  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  imi  jiijj  jjjii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

I  iiiii  iiiii  iiiii  iiiii  ii!ii  iiii;  iiiii  iiiii  iiiii  liiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  mil  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


i 

I 

I 

I 


mu  IIIII  IIIII  UUI  um  IIIII  IIIII  um  iiiii  uui  uui  uui  uui  iiiii  mil  Hill  Hill  Hill  1H<<  Mill  mu  um  pi  um 

itiit  uiii  uui  jiiu  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iijii  um  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iim 

11111 11111  mii  iim  iiiii  mii  mil  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iim  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


3  11111 11111 11111  mil  mil  mil  iim  iim  mii  iiiii  imi  mii  luu  uui  mu  uiu  imi  luu  mu  mu  mil  imi  iim  imi  mil 
,  jjijj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jijjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjijj  jjjjj  jjjjj  jjjjj 

-  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

.  UUI  Hill  UUI  mil  mil  iiiii  um  um  mu  mu  mu  um  um  mu  um  mu  um  iiiii  um  mu  juii  mH  lim  imi  um 

•  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  imi  iiiii  iiiii  iiiii  mii  mil  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

t  iiiii  iiiii  iiiii  iiiii  iiiii  uiii  iiiii  iiiii  iiiii  iiiii  iim  iiiii  uiii  ijiii  iiiji  iiiii  iiiij  iiiii  iiiii  iiiii  iiiii  iiiii  iiiji  mii  jiiji 

,  um  lull  UIU  mu  um  um  um  mu  mu  mu  um  mu  um  mii  mu  mu  um  mu  mu  mu  mu  um  iiiu  mu  mu 

{ ,  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jijij  jjjij  ijjjj  ijjil  jiijj  jjjii  iijjj  jitij  jiiji  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj 

’  .  iiut  iijjj  ijiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  ijiii  iiiii  ijiii  iiiii  iiiii  iijjj  iiiii  iiiii  iiiii  iiiii  iiiii  tii::  iiiji  iiiii  iiiii 

J  I  ...iJ  i;...  JJJJ.  -JJ.-J  JJ...  JJ...  . jj  jjjjj  -jj.j  jjjjj  jjjj.  .j...  ■  ■  r.-j . jjjj  j.jjj  jjjj  .  jjjjj 

1 1  luu  UUI  um  um  mu  mu  um  mu  um  mu  mu  um  mu  um  um  luu  um  mu  mu  um  um  um  um  um  um 
’  I  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjijj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjji  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjiij  jjjjj 

I  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jiijj  jjjii  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjijj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jiitj  jjjjj 


i 

I 

I 


iiiH  luii  iiiH  lull  mil  mu  UIU  mu  mu  iiiii  uiu  um  mu  mu  mu  mu  um  mu  um  mu  mu  mu  uiu  mu  um 

iHii  iiiit  Iiiii  um  um  iuu  uiu  mu  mil  mu  um  um  um  mu  mu  um  uui  luu  mu.  mu  mu  iim  mil  mu  jjjii 

jjijj  jjijj  jjjjj  jjjjj  jjjjj  jjjjj  jjjij  jjjjj  jjjjj  ijjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj 


iiiii  illil  llii!  iiiii  li!'!  Uiii  iiiii  iiiii  iliU  iiiii  iilll  iiiii  lllii  iilll  liiii  iiiii  sllli  illli  lilil  Illli  iiiii  iiiii  11111  illli 


HHI  UIU  mu  um  um  uui  mu  um  uui  mu  uiu  iiiii  iiiii  uui  iiiii  uui  uiu  uiu  um  luu  um  mu  um  mu  mu 


..  Hill  mu  mil  um  mu  mu  um  mu  uui  mu  um  um  mu  mu  mu  um  um  um  mu  mu  um  mu  um  mu  um 


.  UUI  UUI  UUI  IIIU  UUI  lull  IIIII  IIIII  mu  um  uiu  mu  um  mu  mu  mu  um  mu  mu  imi  luu  mu  um  um  um. 

.  jjjjj  jjjjj  ijiji  jjjjj  jjijj  jjjjj  jjjjj  jjjjj  jjjjj  jjjji  ijjjj  jjiij  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jijjj  jjjjj  'jjjji  ijiii  jjjjj  iiiii  jjjii  iiiii 

f  UIU  mil  mil  mil  um  um  imi  um  um  mu  mu  mu  um  mu  mu  um  um  mu  um  iiui  iiiii  ihh  uiii  iu^i  iiiii 


,  UUI  UIU  IIIU  uiii  11111  Iilll  Hill  Hill  Hill  uiH  iim  UIU  mu  um  mu  mu  mu  mu  mu  um  um  mu  mu  iiiii  mu 

S ,  iiiii  imi  ijiji  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjiji  jjiij  iiiii  jjjji  jjiii  iiiij  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  jjjji  jjiii  jjjii  jjjjj 

’  I  jjiji  iiiii  jjiij  iijjj  ijjij  jjjji  jjiii  iiiii  jjiii  ijiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  jijji  iiiij  jijij  iijii 

i  i  IHjH  HH!  HIH  IHH  HH!  H!!! !!!!! !!!!!  Mjii  iiiH  lUii  uui  mu  um  mu  mil  mil  um  mu  mu  um  imi  iHii  m'l  HH! 

’  I  ij!!!! !!!!!  HH!  i.!!!! !!!!!  iiiii  iiiii  imi  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiu  jjiii  Iijii  iiijj  iijii 

,  imi  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii>  iiiii  Hiii  iiiii  liin  iiiti  iiiii  iiiij  inii  iiiii  iiiii  iiiii  iiiti  iiiii  itiii  Hiii 

I  jjjj.:  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjj2  jjjjj  jjjjj  jjjj2  iim  am  mu  iim 


M.iM  iMM  HIM  HHI  MMi  <Mii  ihh  hhii  mn  niii  um  mu  inn  iini  nm  iini  iiiii  iim  iim  inn  nm  iim 

222--  JJJJ2  jjj2j  2JJJJ  JJJJJ  jjjjj  jjjjj  jj-jj  jjjjj  jjjjj  jjjjj  :jjj.  :jjjj  jjjjj  jjjjj  jjjjj  jj2jj  jjjj2  iiiii  iiiii  iiUi  mii  iim  iiiii  44^33 

!!!!! !!!!!  !!!U  !!U,i  luu  iiiii  iiui  luii  iiui  mu  um  lu.u  uui  luii  iiu.i  um  um  uui  luu  lull  um  iiiii  iii(|  ijjii  ujii 

iiiii  iiiii  iijii  iiiij  iiiii  iiiii  jiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iijii  jiiii  iiiii  iiiii  iiiii  iinj  iiiii  iiiii 

JJJJJ  JJJJJ  JJJJJ  .IJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJJJ  JJJIJ  jjIjj  3jjjj  jjjjj  jjjjj  jjjjj  jjjjJ  jjjjj  jjj3j 

iiiii  iiiii  iilll  liiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Hiii  iijii  ijiii 
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iiH!  iiii!  uiii  Hii!  Hiii  nil!  iini  ifiii  nm  hik  nm  inn  imi  Hiii  iiiu  mu  |iiii  hih  luii  itni  him  mu  Min  niii  iiin 


immiittiutuiiatKiiiiuttiLitmtiuttttitintmtiuttLLnuiitmtttiitiimEttuamtiLLtiaiuntuf  III!  m  ■  1 1 


Iiii  iiiii  lilli  liiii  Hill  liiii  iliil  lilii  lilii  iilii  iiiil  itii!  iiiil  iiiii  iilli  iiiii  Hiii  illSi  lllli  Hill  Hill  Hill  HIII  Hill  HIII 


.  iUH  ilHi  HIH  IHli  IIHI  HHi  HHI  iiiii  HIH  HIH  HK!  HII!  IHii  HHI  HIH  MHI  IHH  HIH  HIH  IHH  HIH  HHi  HIH  HHi  HIK 


HIH  IIHI  HHi  HHi  iHlI  Hill  Hill  HH:  IHH  HHi  Hill  Hill  IHH  HHi  HHI  lllli  Hill  IIIII  Hill  HIII  HHI  IlHi  IIHI  HIH  HIH 


IHH  HIH. IHH  HHi  HIH  Hill  HHI  Hill  Iiiil  HIH  liiii  HHi  IHH  IHH  IHH  lllli  IHH  HHI  HIH  HIII  HIH  HHi  HHi  HIH  Hill 

ijiii  11111  iiiii  iiiji.  illji  |iii|  j|iji  iii|j  ijiii  iiiji  iiiii  iiiii  iiiii  iiiii  ijiii  iijij  jiiii  iijii  iiiii  jiiii  ijiji  ijiji  iji;i  iiiii  jiiii 

liiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


illH  HIH  IHH  HHI  HIH  HHi  IHH  HIH  lilii  Hill  HHI  Hill  Hilt  IHH  IHH  IHH  ^IH  IHH  HHI  IHH 


HHI  HHI  IlfH  HHi  mil 


!!!!!  !!!!!  \W. 

;;i|i  H||i.  ijiji  ulij  jjljl 


;iHi  !!n|  ||i!i  III!;;  ;;;i; ;;;;; ;;;;;  h;;;  ;;;;;  h;;;  ;;y;  i.ii;;  ;;i;;  ;;h;  ;i;;i  ;;i;;  ;;;;;  ;i;!; ;;;;; ;;;;; 

iiti;  i;i;i  iitii  iiiii  iiiii  jiiii  jjjjj  jijjj  jjjjj  jjjji  jjjjj  jjjjj  jjjjj  jj;jj  j;jjj  jj;jj  jjjjj  jjjjj  jjjj;  jjjjj 


IHH  lif!l  HIH  lllli  Hli; 

iiiii  iiiii  iiiii  iiiii  iiiii 

;;;;;  lif.ii  i;;;;  nii; ;;;;; 


;;;;;  i;;;;  ;;;;; 

jjjjj  jjjjj  jjjjj 
jjjjj  jjjjj  jjjjj 

jiiii  iiiii  iiiil 


;;;;;  ;;;;; 

??!!?  !!!?? 

jjjjj  jjjjj 


;;;;;  ;;;;;  ;;;;;  ;;i;;  ;;;;;  ;;;;;  ;;;;i  ;;i;;  ;;;;i  y;;; 

jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj 

m  wWi  m  mi  im  mi  mi  hh!  m  iiiii 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


Hui  um 
jjjjj  jjjjj  jjjjj  jj;jj  jjjjj 
jjj;j  ;jjjj  jjjji  jj;jj  j;ij; 

iiiii  iiiii  iiiii  iiiii  ii 


■  lilt  ii!!!  IHH 

Jiiii  am 


Hiif  mil 

iiiii  iiVi 


iiiii  iiiii  iiiii  iiiii  iiiii 
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CARBON  DIOXIDE  AT  OM  ATMOSPHERE  PRESSURE 

T-20<rK 


IMM  MMI  HIM  HIM  MIM  HIM  HM>  HIM  MMI  Mm  imi  n^i  \m  HIM  MHI  MHI  \m  HHi!  HIM  IMH  HIM  HH;  H!!!  !!!!!  Ml 
jjjli  iijjj  iiiij  ijlji  jliji  iliji  jjiii  lliil  llili  M.iii  iiiji  iiiij  jllli  11111  jjjll  iljil  liiii  ilijl  jilii  Ijjji  jjlij  lilll  |i||l  iijjl  llilj 
iiiii  liiii  iiili  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiij  iiiij  jjiji  jiiij  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj 


Ml  !!!!< 
jiiii  jjjjj 
iiiii  iiiii 


IHH  !!!!! 
jjiii  jijii  jiiii 
iiiii  iiiii  iiiii 


■HH 

jjjjj 

iiiii 


U.M! 

iiiii 

iiiii 


iiiH  iiiii. 

iiiii  iiiii 

iiiii  iiiii 


Mill 

iiiii 


■UM 

iiiii 


HHi  IIIII  iiiii  Hill  iiqi  ;m[i.  ;i(it  iiiM.  hhi  HIM 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiij  jjjjj 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


iiiii  iiiii  illll 

iiiii  iiiii  iiiii 


ili^i  iiiii  MH! 
Hill  liiii  Hill 


IIIII  IHli 

iiiii  iiiii 


iiiii  llli;  IHII 

iiiij  jjjjj  jjjjj 
iiiii  iiiii  iiiii 


Hill 

iijjj 

iiiii 


IIIII 

iiiii 


■HH  HHI 
iiiii  iiiii 


IIIII 

iiiii 

iiiii 


IIIII 

iiiii 

iiiii 


HHI  HHI 

iiiii  iiiii 
iiiii  iiiii 


iiiii  HHi  Uiii  Hill  HHi  IHH 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


IIIII. 

iiiii 


HHi  i 

iiiii  iiiii  iiiii  iiiii  iiiii 


$  * 

ili 

I 

i 

I 

I 


MMI  MMI 

iiiii  IIIII 


IIIII 


iMM.  MMi 

IIIII  liiii 


IHII  iiiii  iHH  iiiii  niii  iini  nni  n.iii  nin  uhi  nin  um 
iiiii  •nil  iiiii  llili  iiiii  iiill  liiii  iitii  iiiti  iiiii  iiiii  iiiii 


mil  M;n  m\\ 
iiiii  iiiii  ijiii 
iiiii  iiiii  iiiii 


Mill 

iiiii 

iiiii 


IIIII 

iiiii 

iiiii 


Mill 

iiiii 

iiiii 


MMi  MMi 

iiiii  iiiii 

iiiii  iiiii 


MMI  MMI 

iiiii  i’iii 

MM.i  MMI 
iii.M 

iiiii  iiiii 


Illll  inn  nni 

inii  ni^i  hm 


inn 

iiiii 

iiiii 


MMI 

iiiii 

MMI 

Mill 

iiiii 


MM.I  MMI 

iiiii  iiiii 

1MM.  Mi.M 
inn  MMI 
tun  nil! 


nni  inii  inii  nni  mm.i  MMI 
iini  iiiii  iiiii  iiiii  iiiii  iiiii 


MMI 

iiiii 


MMI  i.MM 
iiiii  iiiii 


Illll  IIIII  IIIII 

iiiii  iiiii  iiiii 


MMI 

MMI 

intt 


nin 

MMI 

•nn 


MMI  MM> 
nni  nil! 
nni  inn 


nin  inn  nni  nin  nin  nni  inn  nni  nni  ntn  nni  nnt 

nni  nin  nni  inn  inn  iiiii  iiiii  hmi  iiiii  iitii  iiiii  iiiii 


2::})  r.tjs 


nni  nil!  nui 

ini;  ir::'!  jj;)? 


nni  nil!  inn  inn  uni  nni  nni  nni  nni  nni  nin  nni 

iiiii  iiin  iUii  ilu\  nUi  iijjj  jljj;  111:1  |i;ii 


5  * 

li 

i 

I 


HH>  HH< 
niii  tiiii 


■HH 

iiiii 


HHI  HIH 

iiiii  iiiii 


HH!  HHi  HHI  HHI  HH<  <HH  HH>  HH!  ihH  H.H*,  ^HH  fHH  HIH 

iiiii  iiiii  jjiii  Illll  Illll  IIIh  j<>j>  lli!  v.  il  Hjl<  HHi  Ihh  jjjij 

mil  Illll  llljl  Illll  nil’  liiii  Illll  hIh  Ijlil  jjjjj  mi;  jjjjj  lj;jj 

IHII  1..1,  HH!  IIIII  IIIII  IIIII  IIIII  HIH  i.>ii.i  iHii  H.iH  HHi  iHH  HHi  HiH  HHi  Hiii  H.iH 

mil  mil  mil  mii  mii  inn  inn  inn  inn  inn  inn  liin  imi.  iiiii  niji  jiijj  jjii!  jjjjj 

tiiii  iitii  iitii  ttttt  iiiii  iiitt  iitii  iittt  iiiii  Hiii  HHi  ’tii!  tsttt  Hiii  ttsri  i-H;  iitii 


HHi  HH;  HIH  HIH  HHI 

mil  mil  mil  inn  mil 

iini  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  i|i||  Illll  Illll  .hH  Illll 


HHI  HIII 

iiiii  iiiii  1 


HH!  IHH  HIII 

iiiii  iiiii  iiiii 


Iiiii  HIH  Iitii 


iiiii 

iiiii 


■Hfi  HHI 
iiiii  iiiii 


I  llili  iiill 

:  am 


nin 

lUM 

iiiii 


Mill  nni 

iiMi  iiiii 

iiiii  iiiii 


inn 

iiiii 

iiiii 


nil!  nni 

iiiii  iiiii 
iiiii  iiiii 


nni 

{iiii 

liiit 


nin  nil! 

iiiii  iiiii 

liiii  liiii 


MM! 

iiiii 

iiiii 


L  !:l  M.M! 

iiiii  iiiii 
iiiii  iiiif 


inn  MM!  niM  MM!  M<M  M!M  MM! 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

MM!  MM*  !!!M  !!M! !!!!!  !!!!! 

M'i.M  i!!M  M.!!!  i!!!!  !MM  M!!!  MM> 
imi  inii  itin  [ini  ijm  iini  iiiii 
Ynn  iiiit  iriii  inii  iiiii  iiiii  iiiii 


!!!!!  nin  iini  inii  M!i!  !!!!!  M!M  MM!  !MM  MJH  Will  !!!!! !!!!! 

. ffjii  iini  niii !«!! 

iini  iiiii  iiiii  iiiii 


inn  mil  inn 
iiill  iiiii  iiiii 


M!!!  MM! 
iiiti  iiin 


M!M 

iiin 


!M.M.  !!!!! 

iiiii  iiiii 


iiiii 


lifif  llfll  illll 

jiiii  ii|}|  inn. 
iiiii  iiiii  iiiii 


nil! 

MM! 

iiiii 


MMI  IIIII 

MM*  !MM. 

iiiii  iiiii 


IHII 

i.im. 

ini: 


!!!!!  !!!!! 
liiii  jjiji 
iiiii  iiii; 


tint 

jjjj* 

riin 


nn?  (!!:! 
!!>M'  !’!M 

nn!  HI:; 


!!!!! 

MM* 

iiiii 


Iiii!  It!!*  !!!M.  !!!!!  M!!!  M.M!  !!!M  !!!!i  !!!!!  !!!!!  !!!!!  !!!!! 

iim  inii  iim  iini  ijjji  iiiii  iiiii  jjiii  iiiii  iiiii  iiiii  iiiii 

jini  tiin  iiiii  ijjji  jjjjj  jifij  jjjij  inji  niii  iiiii  iiiii  iiiii 

inn  iiin  iini  fiirf  fiin  nm  iijm  imii  i>im  i!!!!  M!M  MM! 

Hin  itifi  !!!!!  nni  iHi;  in.M  M!M  MM*.  M.M!  M.!!!  !!!!! 

iiiii  iiiii  iiiii  iiiii  iiiii  iiin  iiin  iiiri  iini  nni  nni 


555:!  n'sii  iMn'  sM'ii  iiiii  liiii  hiii  UHr  iiiU  iiiii  iiiii  iiiii  xUii  iiiii  iiiii  iiiii  nu?  imi  Rni;  iiiii  iiiii  iHii  iiiis  siMi 


.  ii!!! !!!!!  lini  iiil!  ill!!  !!!!!  !!!!!  !!!!!  !!!M  M!!!  !!!!! !!!!!  M!M  !!M.!  M!!! !!!!!  !!!!!  !!!!!  MM!!  M!!! !!!!!  !!!!!  !!!!! !!!!!  MM! 
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iiiii 

iiii! 

mil 

44444 

!!!!! 

!!!!! 

!!!!! 

iiiii 

iiiii 

iiii! 

iiiii 

iiiii 

mil 

jaa 

imt 

44444 

mil 

44444 

!ii!! 

iiiii 

mil 

HH! 

mil 

MIM 

Mill 

Illli 

mil 

mil 

HIM 

iiii! 

!!!!! 

mu 

44444 

!!!!! 

!!!!! 

!!!!! 

liiii 

iiiii 

iiiii 

'Mill 

tliif 

4i2a 

ili'iS 

444.\4 

IIIII 

444a 

iiiii 

illli 

Hill 

IHH 

MM.t 

Mill 

tliil 

mil 

MIM 

mil 

Mill 

iiii! 

iim 

44444 

um 

44444 

!!!i! 

!!!!! 

!!!!! 

IIIII 

mil 

iiiii 

iiii! 

iiitf 

^aji 

mil 

444a 

liiii 

44444 

mil 

u\\\ 

4444J 

jjiii 

MM3 

SHH 

iiiii 

444  14 

IMM 

urn 

44444 

mi! 

44444 

uia 

4444-: 

iiiii 

iiiii 

iiiii 

mu 

44444 

um 

44444 

um 

44444 

mu 

44444 

mil 

44444 

iiiii 

iiiii 

iiiii 

nni 

jaa 

snn 

iaa 

mu 

4444^ 

mu 

44444 

mu 

44444 

mu 

44444 

ijiu 

SHU 

suii 

illli 

44444 

mu 

44444 

iiiii 

44444 

mu 

44444 

mu 

44444 

mil 

MMI 

urn 

44444 

mu 

44444 

sim 

44444 

mu 

44444 

mu 

44444 

HSU 

44444 

IHH 

44iJJ 

mil 

iiiii 

IMM, 

lUH 

sun 

!!!SS 

WM 

mil 

Iiiii 

UUt 

uu; 

MM3 

IMM 

IflU 

3M33 

IMM 

MIM 

>>3U 

Hill 

iMH 

Hill 

liH^ 

;«m 

|h;i 

lUi: 

SlltS 

iajj 

iSllf 

44a4 

mu 

44444 

liiii 

44444 

Uili 

44444 

Iiiii 

iiiii 

urn 

liUi 

44444 

Sim 

■44444 

tliil 

44444 

mu 

usii 

44444 

mil 

44444 

Hill 

44444 

suit, 

44444 

itiSi 

44444 

UUi 

444a 

Sill! 

44444 

SSIti 

44444 

mu 

4a44 

!!!!! 

IIII! 

iiiii 

SiiH 

ajij 

mis 

aai 

mu 

44444 

iim 

MM* 

mu 

MIM 

liiti 

M.iM 

liUi 

MM* 

HUi 

ssus 

iiiii 

mil 

mu 

UUI 

44444 

mis 

44444 

um 

44444 

mu 

44444 

USI! 

44444 

iilfi 

44444 

Hill 

444J4 

iijii 

iiiii 

Sim 

tun 

UUi 

niH 

S:::: 

um 

U:H 

VtUt 

UUt 

esc;| 

mu 

liJH 

ixttt 

tsssi 

lirvx 

atiti 

BXIIt 

sssas 

ViXBR 

staU 

Rttiic 

tetsf 

tfttV 

iiiii 

iiiii 

i!i<; 

iiii! 

IHH 

IHH 

Hill 

IHH 

illli 

HHI 

IIIII 

um 

lUU 

ItUt 

liin 

l!:!i 

HU! 

SiiU 

(SISs 

HIM 

mi! 

HHI 

HUi 

SHU 

UH8 

mmI 

UiU 

UIH 

Uttf 

sUH 

mm; 

uus 

MM* 

(UU 

IHH 

Hill 

SHH 

MM3 

HH! 

HIH 

MIM 

um 

t:;U 

Uili 

UIU 

IHH 

MM* 

MM3 

mu 

JJJJJ 

Mill 

Illli 

HHI 

MM^ 

IHH 

IHH 

MIM 

ttUI 

UUI 

IfUt 

mu 

SUM 

irtu 

UiU 

H<M 

iim 

Mill 

MM3 

HHI 

mil 

|HH. 

<>IM 

tliil 

UU; 

lun 

MIM 

Mill 

tun 

ifiii 

HH! 

mil 

!!!!! 

!H!! 

tttii 

tittat 

:ts:c 

Ul'jj 

ttttt 

jjjjj 

r?s?s 

jjjjj 

t*?;s 

JJJJJ 

ystpi 

lUil 

JJJJJ 

Tests 

ttttt 

JJJJJ 

mil 

mil 

IIIII 

M3M 

MM3 

HHI 

JJJJJ 

lilU 

iUit 

JJJJJ 

tUH 

jjjjj 

55555 

8Ut| 

JJJJJ 

UUt 

JJJJJ 

lilU 

JJJJJ 

SliU 

JJJJJ 

5HSi 

JJJJJ 

iiiii 

Mill 

iiiii 

iiiii 

Hill 

JJJJJ 

fUH 

JJJJJ 

HUS 

JJJJJ 

StUS 

JJJJJ 

tSiS! 

JJJJJ 

55555 

Hats 

JJJJJ 

HIH 

JJJJJ 

55555 

HSH 

JJJJJ 

55Mi 

iiiii 

iiiii 

iiii! 

iiii! 

Hill 

JJJJJ 

!U!i 

JJJJJ 

Sill! 

JJJJJ 

5!5!5 

5555! 

5555! 

SSUI 

JJJJJ 

HI!! 

JJJJJ 

55555 

imi 

JJJJJ 

55555 

Mill 

mil 

iiiii 

mil 

jjj-'j 

Illli 

JJJJJ 

ilMS 

JJJJJ 

isisi 

JJJJJ 

55555 

55555 

SHH 

JJJJJ 

55555 

UUI 

JJJJJ 

tIUi 

JJJJJ 

5555! 

um 

JJJJJ 

HIM 

HHI 

HHI 

IIIII 

iim 

>3111 

mi! 

Hli: 

HUi 

i;m; 

Uiti 

iiiii 

M33I 

iiii; 

mi; 

UH8 

Hill 

IHU 

tliil 

mil 

um 

M|H 

!tM< 

ilSIE 

?2H^ 

iSHri 

iiiii 

HIH 

IIII! 

JJJJJ 

JJJJJ 

JJJJJ 

JJJJJ 

JJJJJ 

JJjjj 

JJJJJ 

.ijjjj 

JJJJJ 

JJJJJ 

JJJJJ 

JJJJJ 

iiiii 

m 

!!!!! 

IHH 

JJJJJ 

fim 

JJJJJ 

!!5:i 

!!!!! 

SHU 

JJJJJ 

HISS 

jjjjj 

ms! 

SISsE 

ism 

JJJJJ 

MM3 

mu 

JJJJJ 

iim; 

ifiti 

44444 

mil 

JJJJJ 

illit 

JJJJJ 

Siili 

JJJJJ 

um 

JJJJJ 

3!!!! 

55!!! 

HSiS 

JJJJJ 

SSUI 

JJJJJ 

iiUS 

jjjjj 

mm; 

SIIH 

JJJJJ 

!!555 

iiii! 

55j5i 

tun 

44444 

um 

JJJJJ 

Hisi 

JJJJJ 

mil 

JJJJJ 

!i!5! 

!!555 

55555 

55555 

Ulis 

JJJJJ 

55555 

5555! 

IHH 

jjjjj 

HSU 

JJJJJ 

ijiij 

55555 

iiiii 

HUS 

iiiii 

iiiii 

iiiii 

iiiii 

iiiii 

iiiii 

mil 

iiiii 

iiiii 

iiiii 

iiiii 

iiiii 

am  am  am  aa*  ma  am  am  aai 

m  5i55!  !!!!!  535!!  5!55!  !5!35  !!!!!  5!55!  !!!!! 
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,  iini  iiiii  iiiii  Mill  mil  Mill  mil  mu  mii  mil  mit  mu  mu  uui  uiu  nai  tuu  Uiii  uiu  lUti  iim  run  uu;  nm  um 

3  JJJJJ  iJJJJ  2JJJJ  iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

3  5«H  55!5!  1!5H  ??!!?  !5?5?  m  ??5?!  m  ??!??  m  ?!???  m  m  m  ?l5?5  m  5!55!  5!!55  m  !!5!J  33355  iiilS  33353  535!5 

.  iim  imt  Hill  imi  mu  mu  uhi  sms  urn  mu  ittii  mu  mu  'hu  ihu  nut  fv.n  msi  uu:  uiu  luu  um  uin  luu  uui 

am  am  ma  imi  aui  am  aia  iiiii  iiiii  iiiii  iiiii  iiiii  ma  am  am  am  am  am  aia  jaa  jjm  laa  am  iim  am 

.  i|jii  ulu  ufu  |jiu;  hi.M  i;;;i.i;  uhi  i.mu  iuh  mii  tnu  nu;  i::::  iun  ujii  liqi  uVjj  ui^;  ujti  hiu 

.  riiu  inii  iiiii  itiii  iiiii  urn  inii  >ui<  iiiii  tii::  iiiii  uiii  ',:iii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iii>:  iiiii  iiiii  iiiii 

am  aai  am  am  am  am  am  am  am  am  .  iiiii  am  am  am  mii  am  am  ma  jjjij  ma  ma  am  mu  am 

,  Uiii  imi  mu  tiiii  mu  uiu  uui  um  um  mu  urn  mu  tun  ihu  lUi:  urn  im-  mii  uiu  mu  mu  uui  uiu  mu  ui:i 

•  am  ma  am  jjjuj  am  laa  am  ma  iiiii  am  ma  am  aai  iiiii  iiiii  iiiii  am  am  ma  mii  iiiii  JjJil  ma  am 

,  liiU  UUI  ilill  UIII  UIU  UIII  Uiii  UUI  Uiii  UIU  iiiii  UIII  tUif  lUH  AUi  iUH  UHl  UIU  Uiii  ilill  liUi  U’Si  £!3U  Uiii  Uiii 

.  I  am  am  am  am  ma  am  am  am  am  am  am  iiiii  iiiii  iiiii  iim  ma  am  iiiii  ma  am  1^112  am 

■  I  fiil!  3H3!  115!!  3l5!3  !55l!  1!H5  5!'35  53555  55555  55555  55555  UU:  Uv’i  W.V.  ’iiii  UMI  ><U'  iim  liiij  liii;  i|jji  jiijj  Mju  jiip 

]  I  5555!  55555  55555  55555  55555  55555  55555  55555  5'5i5  ^5555  5553'  iilll  iiiii  ipii  iiiii  iiiii  iiiii  iiiii  iiiii  liiij  i>;;i  iij3{  iijj;  ijiii 

{  I  UUJ  u;u  Uiii  UIU  uiu  UiU  lUU  UU>  lUU  uui  uui  UUi  liU:  UUi  iiiii  UIU  UUi  qui  !HU  ISUi  ijlij  Ijiii  UIII  JJIH  iiUl 

‘  I  5^55  5555!  55553  ijiii  ijilj  iijii  iijii  iijii  jijji  i<.i‘i  iiiii.  i.iiii  iiiii  iiiii  jiiii  iiiii  iiiii  iiiii  iiiii  iiji:  "’ij  lijii  iijii  jiiii  ijiil 

I  Jiiii  UiH  iiiii  iijii  iiiij  iiui  jiiii  uiii  imi  init  luti  uiii  iiii|  uui  ‘iiii  iiiii  iiiii  iiii!  iiiii  iiiii  iiiii  iim  jiiii  uiu  ijiii 

I  ijin  ijji!  lujt  inn  luu  iiju  luu  tuu.  iiiu  ui:.!  iiui  mu  u!!!  uiu  uui  sr,i!!  uiu.  uiu  luii  luu  luu  uiu  luji  uui  uiu 

I  ijiii  iiiji  Ijiii  ijiii  iiiu  iiui  iiiii  iiui  iiiu  iiiu  iiiu  luu  iiiii  uiu  iiiii  iiii:  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  ijiii  iiiii 

j  jiiii  iiiii  iiiii  iiiii  iiiu  iiiu  iuu  uiii  uui  u.ui  iisii  lirii  iiii!  asii  iiiu  iiiii  iiisi  iiiu  iiiui  iiiii  iiiil  iiiii  ijiij  inii  iiiii 

I  i'<»(  isiii  Iiui  IIIII  IIIII  Illli  IIIII  Iilll  IIIII  ilill  IIIII  illll  iilli  illli  lllil  IIIII  IIIII  Uiii  Hill  IIIII  illil  Hill  ii’lll 

^  „  ijui  UIU  UUI  ijiu  luu  UIU  UUI  iiu.i  UUI  UUI  UIU  !uu  itm  uiu  luu  niu  hu;  imi  luii  uiu  iiui  um.  uui  uiu  iiu.i 

S  ^  13133  33333  33333  33333  33333  33333  33333  33333  33333  33333  33333  333m  3m3I  ii333  33m3  13333  ii333  33333  33333  33333  33333  33333  33333  33333  33'33 

2  !  jiiii  jijlj  iijii  ijiii  iiiu  liiji  iijii  uiu  iiiii  luii  uiii  lii-i  iiiu  lu-i  tiiu  iiiu  liiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  ijjjj 

w  -  55555  55555  55555  55555  5555!  35!!5  55555  55555  55555  55533  55333  13333  33333  33333  >333!  !3333  33133  31333  33333  33333  31333  jiiii  iiiii  iiiit  lifit 

-  55555  55555  5555!  5555!  55555  55555  5555!  55555  55555  55555  55555  5555;  55555  ''‘il  33333  |3>33  <333<  33333  33333  33333  iiiii  jijii  iiiii  iijii  isiii 
I  P  <  55555  jjjj!  11555  55355  l!!!!  55553  55351  33333  ijjjj  ijjii  33333  33333  uiii  33333  iiiii  i3ii3  i3ii3  3ii<3  iiii3  iiiii  iiiii  33333  iiiii  jiiii  iiiii 

s  1  HIM  mil  um  13111  mu  uui  um  mu  um  uiii  mu  iuh  uiu  iiiii  uin  iuit  inii  uni  mu  um  iiiu  um  iiiii  uni  um 

j;  -  •  aai  am  am  am  a...  am  iim  am  am  ma  am  ma  am  am  a^a  am  ma-  am  iaaa  ;aa  am  ma  am  am  ma 

<  ,  IJJJJ  33331  33331  33333  33333  33333  33333  33333  33333  33333  33333  3313<  >>ii!  1:333  333>.!  iijfi  !3>33  33333  33333  33133  [>3l>  33.33j  33331  jjjil  jjtSj 

N  b  <  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  uiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

P  8  I  *  **  ■  *  '  ■'  '  ■  '  '  am  laa  am  am  am  ma  am  am  ma  ma  am  am 

^  A  }  I  JiiJJ  JJJJJ  JIJIJ  JJiJJ  ijijj  IJIII  iiiji  iiiii  Iliji  IJIII  Illi!  Ifjli  iijii  liin  IIUI  lit!:  1!!U  IIII!  lllil  Illii  Ittii  UIII  jiiii  Sljjl  Jijlj 

<  '  I  jijjj  iijji  ijjjj  jjjjj  jjjjj  jjijj  jijjj  ijjii.  iijji  jilji  jii.ji  i.iiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  jiiii  iiiii  aiij  iiiii  jiijj  iiiu  tliit 

S,  iiiii  uiii  iiiii  liii.i  iiiii  uiu  iiiii  iiiii  luii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiu  iiiil  iiii;  Iiiii 

S  ,  ijiji  ijij!  U.MI  Ijlil  Illjl  Uiii  iijii  Ijjll  Ilill  jim  Iiiii  ijiii  iiiu  Iiii!  Uiii  iiii;  iiU!  iiiii  iiiii  UIII  UIU  UIU  Ujil  Ijlji  UIU 

5  g  iiSli  MMi  i\ni  mu  im^  mii  um  lufi  mu  mu  um  uni  lun  aui  uui  am  inu  mu  iim  mu  mu  um  mr*  mu 

5  I  IS3U  UU3  isu^  uui  UIU  uiu  Itm  um  mis  mu  uu!  uiii  utu  luu  luu  iuu.  uiu  uui  mu  nuf  litjj  ijjji 

%  I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

U  i 


d 


j  ijljl  ijjjj  Ijiii.  iijii  ijjjj  jjijj  lUjj  IIIU  ijlU  Hill  iiii:  Hill  iilli  ill!!  Ilill  lllil  Illii  1121!  jiUj  iiiji  jiijj  IIIII  ijjjl  !j|U  jjijj 

j  iijij  ijiii  iiiii  jijii  iiiij  liiii  jijji  iiiji  iiiij  ijiji  iiiii  iiiii  >1111  iiiii  iiiii  iiiii  >1111  11111  111:1  iiiii  iiiii  jjiii  iiiji  iiiii  iiiii 

.  iiiij  iiiii  iiiii  iiiij  jijii  jii.ij  iiiu  iiiji  luii  iiiii  iiiii  iiiii  iiiii  ^iiii  iiiii  iiiii  iiiii  iiiu  iiiii  iiiii  jiuj  iiiii  iiiii  iiiii  iiiii 

.  jjjjj  jjjil  UijI  ijjjj  Iijji  Ijjjj  jjjil  iiiit  jijii  Ijjll  ill!!  iU!!  iUil  iilli  iilli  IIII!  IIUI  IIII!  Illii  jijii  jjijj  iiiji  jjljl  Iijji  III!! 

*  55555  H555  55'!'  5''!5  55555  53|i3  33333  33313  33311  33333  33333  33333  33333  ilill  33333  iiiii  iiiii  iiiii  jiiii  33353  53353  Ijiii  Ijjll  Ijlil  iljl.l 

,  iijjj  jjijj  ijiji  ijijj  ijjjj  Ijjll  jiijj  Ijjjj  jijii  ijjii  iiiu  iiiii  iiiii  UUI  iiiii  iaii  iiiii  iiiii  iiiii  iiiji  iiiij  ijjii  jjjii  iiiji  ijiii 

<  55555  555!!  55555  55555  !!5!5  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  555!5  55!55  55555  55555 

t  I  I!!!!  illii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  5555I  lllil  lllil  I55II  Illii  Illii  liill  Iilli  illii  iiiii  liiii  iiiii  iiiii 

j  I  ilill  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  5IIII  IIIII  IIII5 II5II  IIIII  Hill  Illli  IIIII  Iilli  Iiiii  iiiii  iiiii  illii  iiill 

i  I  IIIII  IIIII  IIIII  IIIII  IIII!  IIIII  IIII!  IIIII  IIIII  IIIII  i||u  11111  jUjj  jjjjj  jjjji  jUjj  jijjj  jjjjj  jjjjj  j|ij|  ijjj|  ||||j  jjjil  |j;|j  I|i;i 

'  i  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iHii  11111  iiiii  jiiii  iiiji  iiiji  ijiii  11111  jjijj  jjjjj  jjijj  jjjjj 

I  iiiii  liiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii'  5ii5'  Hiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  liiii  iiiii  iiii>  iiui 

I  jjjji  Ijjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  lljlj  jlllj  Ijjll  III!!  jjjjj  jijjj  Ijjll  jjjjj  jjijj  jijjj  ijjjj  jjljl  jjjjj  jjjjj  jjjjj 

I  iiiii  iiiii  liiii  iiiii  iiiii  iim  iiiii  ii!'!  5^555  ijitj  jjjji  jiijj  jjiij  jiijj  iijji  Ijiii  IIIII  ijlil  iiiji  iiiii  iijii  ijjii  ijiji  iiijj  ijjjj 

I  5111!  nil!  illil  illii  mil  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  15555  55115  55555 15333  33333  5.3333  33553  iiHi  ijiii  iiiii  iiiii  iiiii  iiiii 

I  Hiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii;  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 
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CAKtON  MOXIOE  AT  0  02  ATMOSPHERE  PRESSUR. 
T-20(rK 


:  !!!!!  SH!! !!!!! !!!!!  MM!  M!!!  M!!! !!!!! !!!!! !!!!! !!!!!  MM<  !!Mi  M!!!  !!!>!  !MM  !!!!>  M!-:; 

3  m|m  MM!  !M!!  !!!>!  iMM  Miii  ii;ii  jiiii  ii;;i  jiji!  iiiji  iijii  Imm  mIm  !M!!  M!!!  !M!!  !!!M  !!!>!  Mill  ijMl  Imm  !MM  MmI  M!M 

-  !!!!! !!!!! !!!!! !!!!!  !MM  !!!M  !!!!!  !!M!  M!!!  MM!  MM!  MM!  MM! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  !M!! !!!!! 

-  !!!!! !!!!! !!!!!  M!!!  M!!<  M!M  <M!!  !!M! !»!!  MMI  MMI  MIM  MM!  !!MI !!!!! !!!!! !!!!! !!!!!  IMill  Mill  MMI  Mill  IMM  Hill  Mill 

•  !!!!! !!!!! !!!!!  !ii!i  !!!ll  MMI  Mill  Hill  Hill  lllli  lilii  Imm  M!!!  M!M  !!!!! !!!!! !!!!!  IM!!  Miji  liiii  illii  ilill  illii  liiii  Imm 

>  !!!!! !!!!!  M!!! !!!!!  !!!!i !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  !MM  MM!  MM! !!!!! !!!!! !!!!!  MM! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! 
,  Mill  HIM  Mill  MMI  HIM  Mill  Hill  Hill  Hill  Hill  Mill  Mill  MMI  MM!  Hill  MIM  HIM  Mill  IMM  HIM  MMI  MM!  MMI  MM!  MMI 

t  .  liiii  iiiil  iiiii  iiiii  ijiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  ii!!!  liiii  iiiii  iliii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iii!i  iji!! 

j  I  !!!!!  iiiii  iiiii  !!iii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

i  I  iiiii  IMII  Mil!  Mill  illl!  Mill  !MM  Mill  Mill  Mill  MM!  IMII  iMM !!!!! !!!!!  !!!M  MM!  HIM  Mill  Mill  iiiii  M!H  HiM  Hill  MM! 

‘  I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiM  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  imm  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

I  illii  iMM  IIMI  iiMi  Mill  Mill  IMM  MMI  ilMI  MMI  MIM  Mjll  !MM  iiiii !!!!!  Miii  ilMi  MHI  illl!  IMM  HIM  Mil!  IMM  IMM  MM! 


iiiii  iMii  iiiii  iiiii  HHi  ilill  iiiM  iiiii  iiiM  IIMI  MiM  iMil  iMM  Hill  11111 !!!!!  !Mii  iMi!  !!!M  iMM  Hiii  iMH  !MM  HIM  MMI 
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!H!!  Hill !!»!  Hill  HH! !!!!! !!!!! !!!!!  iHH !!!!!  Hi!s !!!!! !!!!!  Hi!] !!!!!  !i!!!  iiii!  i!!H  iiH!  Hii!  !Hi!  i!!H  Hiii  HHi  H!!! 
!!iH !!!!! !!!!!  Hiii  Hii! !!!!! !!!!! !!!!! !!!!!  iiii! !!!!!  Hii!  iiiii  Hiii  Hii!  iiiii  iiii!  iiii! !!!!!  iiii! !!!!! !!!!! !!!!!  iiiii !!!!! 
!!!!! !!!!! !!!!! !!!!!  !Hi! !!!!!  Hiii  iiii!  Hiii  iiii!  iiii!  iiiii  iiiii  iiii!  iiii!  iiii!  iiiii  iiiii  iiiii  iiii!  iiiii  iiii!  iiiii  iiii!  iiiii 

iiii!  iiiii  iiii!  iiiii  iiii!  iiiii  iiii!  Hiii  iiiii  iHii  iiiii  iiiii  iiiii  iiii!  iiii!  iiii!  iiiii  iiiii  iiiii  iiii!  iiiii  Hii!  iiii!  iiiii  iiiii 
iiii!  iiiii  iiii!  iiiii  iiii!  iiiii  Hii!  Hiii  iiiii  iiiii  Hiii  iiiii  iiiii  iiiii  iiii!  iiiii  !H!i  iiiii  iiii!  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii 
iiii!  iiii!  iiii!  iiiii  Hiii  iiiii  iiiii  iiiii  iiii!  iiii!  iiii!  iiiii  Hiii  iiiii  iiii!  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii 

iiii!  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii  iiiii  iiiii  iiiii  Hiii  iiiii  iiiii  iiiii  iiiii  Hiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii  Hiii  iiii!  iiiii 
!!!!!  iiii!  iiiii  iiiii  iiiii  iiii!  iiiii  HH!  Hiii  Hiii  Hii!  iiiii  iiii!  iiiii  iiiii  iiii! !!!!!  iiii!  iiiii !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! 
!!!!! !!!!! !!!!! !!!!!  iiii!  iiii!  iiii!  iiiii  Hifi  iiHi  iiiii  iiii!  iiii!  iiiii  iiii!  iiiii  iiiii  iiiii  iiiii !!!!!  iiii!  iiii!  iiiii  iiii!  iiiii 

iiii!  iiii!  Hiii  iiiii  iiii!  iiii!  iiii!  HHi  iiii!  iHii  Hiii  iiiii  iiiii  iiii!  iiiii  iiiii  iiii!  i!!!i  iiii!  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii 
iiii!  iiiii  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iHii  Hii!  Hiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii  iiii!  iiiii  iiiii  iiiii  iiii!  iiiii  iiii!  iiii! 
H!H  Hi!!  iiii!  iHii  iiii!  iiii!  iiii!  iiii!  !HH  !Hi!  iiii!  iiiii  iiii!  iilH  Hii!  Hiii  iiiii  iiii!  iiii!  iiii!  iiii!  iiii!  !H!!  HHi  iiiii 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Hiii  iiiii  iiiii 

iiHi  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  HHi  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 
iiiii  iiiii  iiiii  iiiii  iiiii  iiiji  ijiii  ijiii  jiiii  {hh  >!•!<  iiiii  !>!>*  hh!  iHii  iiiii  iiiii  iiiii  iiiii  iiHi  iiiii  iiiii  iiiii  iiiii  iiiii 
iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiHi  iHH  Hiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  inn  iHii  Hiii  iiiH  iiiii  iiiii 

iiiii  !H!!  iiiii  iiiii  iiii!  iiii!  iiii!  iiiii  iiiii  HH!  !Hi!  iiii!  iiii!  iiii!  iiiii  iiii!  iiiii  iiii!  Hii!  Hlh  HH!  iiiii  iiiii  iiii!  iiiii 
iiiii  iiiii  iiii!  iiii!  iiii!  iiii!  iiiii  iiiii  iHii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Hiii  iiiii  IHH  Hiii  !HH  !HH  !!!!!  Hii!  iiii! 
iiiii  iiiii  iiii!  Hiii  HH!  Hiii  iiSi!  HiH  HHi  Hiii  HH!  iHH  HH!  Hii!  iHH  HH!  HH!  HHi  HHi  HH!  HHi  H!H  Hiii  HHi  iiii! 

iiiii  iiiii  iiiii  HHi  iiii!  iiiii  iiii!  iiii!  HHi  HHi  ill!!  iiii!  iiiii  Hii!  HHi  iiii!  !!H!  iiii!  iiii!  iHH  iiii!  iiii!  i!H!  iiii!  Hi!! 
iiii!  iiii!  i!!!!  iiii!  iHii  iiiii  Hiii  Hiii  HiH  HiH  HHi  HH!  HiH  HR!  HH!  iiii!  HHi  HiH  HH!  HiH  iiii!  iHii  !!H!  !!H!  iiiii 
HH!  HH!  iiiii  iiiii  iiiii  iiiii  HHi  HH!  H!H  HH!  IiHi  Hill  Hii!  HH!  iiHi !!!!!  iiHi  iHii  HiH  §HH  iiiii  Hii!  !H!!  iHii  iiii! 

iiHi  i!H!  iiiH  iiiii  iiii!  Hiii  iiii!  iiiii  iiiii  iiiii  iiii!  iiiii  iiii!  iiiii  iiiii  HHi  iiiii  HiH  HiH  !HH  HHi !!!!!  HiH  iiii!  iiiii 
HH!  HH!  iiiii  Hi!!  iiii!  Hii!  HH!  Hiii  HHi  HH!  Hii!  HHi  Hii!  HH!  Hiii  HH!  Hiii  HH!  HH!  !HH  HH!  i!H!  iiii!  HiH  Hi!! 
iiiH  iiii!  iiii!  iiii!  iiii!  iHH  iiii!  !!H!  Hi!! !!!!!  iiii!  Hiii  iiiii  iiiii  iiiii  iiii!  iiiii  iiiii  HiH  Hi!!  HHi  iiH!  iiii!  Hiii  iiiii 

iiii!  Hiii  iiiii  iiiii  iiiii  iiii!  iiiii  HHi  iiiii  iiii!  iiii!  iiiii  iiii!  iiii!  iiiii  iiiii  iiiii  Hiii  Hiii  Hii!  Hiii  HHi  HHi  iiH!  iiiii 
!!H!  iiii!  iiiii  iiiii  iiiii  iiii!  Hiii  Hifi  Hiii  Hill  iiiii  iiii!  Hiii  Hii!  HHi  HiH  Hii!  Hill  HiH  HiH  iiiii  HiH  HH!  !!K!  Hii! 
iHH  Hi!!  HiH  HHi  Hiii  iiii!  HH!  iiHi  Hii!  HiH  iiii!  HH!  HHi  HHi  HHi  HHi  Hii!  i!H!  iHii  !!!H  !HH  Hi!!  HiH  HH!  Hill 

mil  Hill  Hill  Hill  Hill  HiH  IIIII  IIIII  IIIII  iiiii  iiiii  IIIII  IHii  Iiiii  IIIII  IIIII  Hill  illU  IHII  HHi  HHi  HiH  HHI  HHI  HHI 


,  IHU  UIII  !»!<  iiiii  i.iiil  UHi  IMH  mM  IMM  WH  <IMI  MUI  l!<M  MMi  HIM  MM'  MMi  MM<  MM< 

j  iiiii  iiiii  iHii  iiii!  «i«  «Mi  iiiii  Hiii  Hiii  iHH  iiHi  iHji  iiiii  jijii  jijii  jHii  iiiii  iiiii  iiiii  iiiii  iiiH  Hiii  iiiii 

iiiii  iiiii  iiiii  iiiii  iiii!  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiii!  iiiii  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

■  iiii!  iiii!  iiiii  iiii!  iiii!  iiii!  iiii!  iiii!  iHii  Hiii  iiii! !!!!!  iiii! !!!!!  iiiH  iiii!  iiii! !!!!! !!!!! !!!!!  Hi!!  iiiii  Hiii !!!!! !!!!! 

•  iiiii  iiii! :!!!!  !i!i! !!!!! !!!!!  iiiii  iiii!  HH!  HiH  iiii!  iiii!  iiii! !!!!!  i!H!  iiii!  iiiii  iiii!  iiii!  iiiii  HiH  iiiii  iiii!  iiii!  Hiii 

•  iiiii  iiii! !!!!!  iiii'  iiiii  iiiii  iHii  iiH!  iiiH  HiH  Hiii  iiii!  iiii!  iiiii !!!!!  iiiii  iiiii  iiii!  iiiii  iiiii  iiii!  iiiii  Hi!!  iiii!  iiiii 

•  iiii!  iiii!  ii!H  iiiii !!!!!  iiii!  iiiii  iiii!  iiii!  iiiH  iiii!  iiiii  iiii!  iiii!  iiiii  iHii  iiii!  iiii!  Hi!!  Hii!  iiii!  HiH  HH!  Hii!  HiH 

•  HiH  iiiii  iiiii  Hi!!  iiii! !!!!!  HiH  iiiH  Hi!!  HiH  iiii!  iiiii  iiiii  iiiH  iiii!  iiiii  HiH  HII!  iiii!  Hiii  Hi!!  Hii!  HH!  HU!  HHi 

I  iiii!  iiii!  iiiii  iiii!  HiH  !!!!!  iiiii !!!!!  iiiii  HiH  iiii!  iiiii  iiii!  iiiii  iiiii  HiH  iiiii  Hi!!  Hii!  HiH  HHi  HH!  HH! !!!!!  Hi!! 

I  iiii!  iiii!  !i!i! !!!!! !!!!!  iiii!  iiii!  iiii!  iiii!  HH!  iiii!  iiii!  iiii!  iiii!  iiiii  iiiH !!!!!  Hi!!  iiii!  Hiii  iHH  HiH  !HH  HHi  iiii! 

I  iiii!  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  HH!  iiii!  iHH  iiiii  iiiH  iiiii  iiii! !!!!!  iHii  iiii!  iiiii  iiiii  HiH  iiii!  HHi  HH!  Hii!  iiiH 

I  iiiii  iiiii  !HH  iiii!  iiiii  iiiii  iiii!  Hii!  iiiii  HH!  iiiii  iiii!  iiii!  iiiii  iiiii  iiiH  iiii!  iiii!  iiH!  HHi  iiiii  HH!  iHH  iiiii  iiiii 

i  iiii!  iiii!  iiiii  iiii!  iiii!  iiiii  iiiii  iiiii  Hiii  iiiii  iiiii  iiii!  iiiii  iiiii  i!H!  iiiii  Hii!  iiii!  iiii!  iiiii  !H!!  iiii!  Hii!  HH!  HiH 

i  !!!!!  iiii!  iiii!  iiii!  iiii!  Hi!!  iHH  !HH  iiii!  HiH  HiH !!!!!  iiii!  iiii!  iiU!  Hi!!  Hi!!  iiii!  Hii!  iiH!  HHi  HHi  HH!  ilH!  iiii! 
I  iiiii  iiii!  iiiii  iiii!  iiiii  iHH  HHi  IHH  HHi  HHi  iiii!  HH!  Hiii  Hi!!  iiiH  HiH  !HH  HH!  HH!  HHi  HiH  HH!  HHi  !HH  HH! 

,  iim  mil  iiiii  iiiii  urn  mii  iim  mu  mu  mii  mil  mil  mil  iim  m  mil  HHi  hhi  hhi  hih  hih  hhi  hui  ihh  hih 
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iu!!  ii!i!  i!!H  iu!i  iiiii  uiii  iiiii  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


UIU  IIIII  I 


mil  IIIII ' 


mil  IIIII ' 
iisiii  siiH  i 


H|ii  Ilill  UIII 

iiiii  iiiii  iiiii 

jiiii  i)!H  iiiii 


lull  UIII 

iiiii  iiiii 


iiiiij  ii!:; 

IHli  !I!H  iiiii 


IIIU  UIII 


mu  UIII 


IIIII  H!!!  !!iii  mil  um  imi  mi!  uiu  mu  iiiii 
iiiii !!!!! !!!!!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

jiiijl  tiiii  iii|i  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


Iiiii  Iiiii  iiiii 


!!!!!  !!!!!  iliu  !!!l!  !!!!!  !!!!!  !!!!l  !!!!l  !!!!i  !!!!! 

III'!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

iiiii  iiiii  iiiii  iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


>i!ii  iiiii  iiiii  ii!!{  iiiii  iiiii  iiiii  iiiii 


iiiii  iiiii  iiiii 


iiiii  filit  iiiii  ti 


jiiii  ji;-;;  i|Hi  iiiii  iUti  iijH  iiiii  liifi  Hill  iiin 
iiiii  iiiii  i-iu  uiii  iim  iilu  iiiii  iiiii  iiiii  iiiii 
iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 
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IIUI  UIII 

mil  iiiii 
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!!!!!  ^!'!! 
!IUI  I!!!! 


!>!!!  !!!!! 
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UUI  IIUI  UIU  lull  UIU  IIUI  UIU  um  lUU  iiiii  um  iiu.l  iliu  iiui  li!!!  U!!!  ill!!  uiu  lUil  !!!l!  U!!!  !!!U  uiu  U!!!  U!!! 
iju!  iiiij  liiii  Iiiii  iilu  iiiii  iiiij  iiijj  ijlji  iim  iiiii  jjm !!!!!  iiiji  jjjjj  iiiij  iiijj  jjiii  iiiii  jji!!  iiiii  iiiii  jjjji  iiiij  ijlji 
iiiii  iiiii  jiiii  iiiii  iiiii  uiii  iiiii  iiiii  liiii  iiiii  iiiii  jijii  iiiii  iijii  iiiii  iiiii  ijiji  ijiii  iiiji  iiiii  jiiii  iiiii  jijji  ijjjj  iiiii 


!uu  UUI  UIU  mu  UIU  iiiii  uiu  !UU  <!!!!  um  IUII !!’!'  ‘i’.!!  I'lu  luu  iiuf  !!!<!  lUii  uiu 
jjjji  jllll  jjjjj  jjjjj  jjjij  Ijjjj  jjjjj  jjjjj  jjjji  jjjjj  jjljl  iim  i!!!i  iiil!  lijij  lijl!  luii  ijjjj  jjjjj 
illll  liiii  11111  iiiii  iiiii  iiiii  iiiii  iju!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiij 


U!<i  mi!  UIU  mii  iui; ;!!!! 

Illll  lull  iliu  11111  uiu  liiii 
iiiil  mil  iiiii  liiii  nlii  iuii 


um  mu  mil  mu  mu  mu  um  um  mu  imi  um  mu  mu  um  qm  um  um  m<i  um 

!uii  iiiii  iim  imi  mii  mil  iiiii  iiiii  mii  <<»<«  qm  jiui  iuu  u<i<  \m  <!ui  «i»i  iiiii 

iii!!  iiii!  iiiii  !iiii  iii!!  !iiii  iiiii  ii!ii  i!!!i !!!!! !!!!! !!!!!  !!!i! !!!!! !!!!! !!!!!  j!!!!  !!!!i  iiiii 

UUI  um  Illll  mu  mu  mu  mu  mu  ii<ii  <hh  um  imi  um  qm  !'!!<  !P !!!!! 

ijlii  iim  iiiii  iiiii  iiiii  iuii  iiui  iiiii  i«i<<  im !!!!! !!!!! !!!!! !!!!!  S!!!! !!!!! !!!!!  3!!!!  iiiii 

Hiii  iiiii  imi  mi!  mi!  mi!  mi!  mi!  !!m  s!!!?  im?  !!3i3  ms!  m!!  imi  :3m  !!33!  53553 

!!!!3  !35!!  35!!3  335!8  53!H  8!833  5!!83  !!853  5!5!8  !!333  8338!  5833!  33353  5!!!!  5!83!  53553  33533  5358!  55588 

5!8!8  55555  !!!!8  8!88!  8885!  5585S  5!8!5  8!!85  8883!  53383  33358  3888!  i!!!8  33333  133!!  83!!5  !8!!3  88388  !8588 

8!!58  !85!!  88!53  !8!!3  !8!!!  33833  58!!3  38!38  5!883  38383  33835  33333  38853  58388  33835  83385  83833  3383!  !!3i! 

(Hi!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  illll  iiiii  iiiii  iiiii  iiiii  HiU  iiiii  iiiii  liiy 


mu  mu  UIU  mu  um  um 
Hill  Iliu  lljil  liiii  iliu  iilu 
liiii  3i3ii  ifiis  iiiii  iiiii  iiiii 

!i!88  8383! !!!!!  mil  mi!  !88!! 
13111 31UI  u|u  mu  mu  mil 
83333  33333  mil  liiii  liiii  iim 

smi  mi!  mi!  »m  mii  imi 
mi! !!!!!  III!! »!!!  ill!!  mi! 
!!m  8!!!! !!!!!  3!!!!  mi!  !3m 

yiii  iiiii  iii  ill  iiiii  iiiU 
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MiM  Mill  U|!u  ;Mii  nui  qiiji  ^hii  jiij;  ^iii;  miii  mmi.  m[;i  iq 

liul  ijijj  illji  ijjil  jijii  jjni  jiiii  iijii  iiiil  iiiu  jijii  jiiii  ijjji  jliji  jli 

ijiii  iilii  iiiji  iii|i  iiiii  i'liii  iiiii  iiiii  iiiii  iiiii  iiiii  jiiii  iijii  iiiji  jjj 


lii;!  Mj|M  i.MM  U.MJ  U.ijji  ■<><<  M.U< 

iiiii  iiiii  ^iiii  iiiji  iiiji  ijjji  iijjj  jjjji 
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HHI  Hill  Hill  Hill  HHI  IHH 
HH! !!!!!  llll!  Hill  HH!  HH! 
mil  mil  i(((i  Mill  U»i  mil 

am  am  44444  44444  44444  am 

IIIII  IIIII  IIIII  Iiiii  IIIII  illli  IIIII  IIIII  Uiii  tiiii  illli  Uiii  Ulli  iiiU  uni  lUlI  IIUI  UIII  iiiii  uiii  uiu  uui  iuu  iiiii  illli 

44444  44444  44444  4^444  44444  4444.  44444  44444  .4444  44444  44444  44444  44444  44444  44444  44444  44444  4444*  44444  44444  44444  44444  44444  44444  44444 

IIIII  Illli  UIII  IUU  UIU  liiiii  UUI  IIIII  IUU  iiiii  iiiii  UUI  iiiii  iiiii  Util  liiii  uiii  iiiii  uin  iuu  Mill  iiiii  u|u  iuu  uui 

3  333  43443  33343  44443  34434  4444:  ^4343  43343  ma  am  am  am  am  am  am  am  am  am  am  am  am  44343  33333  33344  am 

liiii  UUI  IUU  Illli  iuu  iiui  uui  uui  iuu  iuu  uui  iuu  tiill  IUU  liiii  UIU  Util  iiiii  UUI  iiiii  iiiii  UIU  Illli  uui  mu 

3.  444  44444  43444  44444  44444  44444  4.444  44444  iHH  HiH  iiHi  iiiii  HiH  iim  44444  44444  44444  44444  44444  44444  44444  iiiii  :34J4  iiiii  iiHi 

Hiii  liiii  Iim  Hill  iim  IiiH  liiii  mil  mil  mii  mil  iim  m  mil  mil  iim  iim  mil  mii  mii  mil  mil  iiiii  mii  mil 


UU!  UUI  IIIU 

44444  am  44444 

tiill  UIU  iiiu 

am  am  am 


IUU 

am 

Illli 


IiiH  IIIU  UUI 

44444  am  j3444 


t 


I 

I 

I 

I 

I 


111!!  HHI  llHl  IHH  HH!  Hill  Hill  11111 11111 11111  Hill  IHH  Hill  111!!  HHI  11111  IHH  Hill  llHl  Hill  11111 1111!  HH!  HH!  111!! 

Hill  HH!  1111]  1111!  HIH  Hill  HH!  11111  Hill  HH!  1111!  !!!H  Hill  !1!H  H!H  Hill !!!!!  Hill  Hill  Hill  IHH  Hill  Hill  Hill  Hill 

Hill  IHH  11111 11!!!  11111 11111 11111  111!!  Hill  11111  HH!  HHI  HH!  IIIH  illli  11111 H!!!  HHI  11111  Hill  Hill  11111  Hill  Hill  Hill 

Hill  IHll  11111  Hill  11111 11111  Hill  Hill  11111  lllH  IIH!  !!H!  H!H  IHH  HH!  HH! !!!!!  !!1H  HHI  HH!  11111  Hill !!!!!  HH!  IHH 

Hill  HHI  IHH  11111  Hill  11111  Hill  Hill  11111  Hill  HH! !!!!! !!!!!  H!!!  HH! !!!!! !!!!! !!!!!  IHH  Hill  H!l!  !1!H  HHI  HH!  H!H 

Hill  HHI  Hill  IHH  Hill  1111!  1111!  Hill  1111!  IHH  IHH  HH! !!!!! !!!!! !!!!!  !11!! !!!!!  H!!l  Hill  1111!  HHI  11111  Hill  HIH  1111! 

m  mil  Hill  HH!  IHH  Hill  Hill  Hill  11111  IHH  HH! !!!!! !!!!! !!!!!  !H!! !!!!! !!!!! !!!!!  HH!  HH!  HH! !!!!! !!!!!  H!!!  !B!! 

!!!!!  !!!H !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  !!H! !!!!!  !!H! !!!!! !!!!!  mil  !H!!  H!!! !!!!!  HH! 

HHI  HIM  HH! !!!!!  1!!!! !!!!!  !HH !!!!!  !!!§! !!!!! !!!!! !!!!! !!!!!  HH! !!!!! !!!!! !!!!! !!!!!  fiH!  !HH  HH!  fflH  !fi!!  !H!! !!!!! 
!!!!!  !H!1 !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  HH!  !H!! !!!!! !!!!!  !!H! !!!!! !!!!!  IHH 
HH! !!!!! !!!!! !!!!!  H!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  !!H!  H!!! !!!!!  !Hfi  H!R  HH!  HH!  !!!n  HH! !!!!!  !!H!  HH!  H!H  HH! 
HH!  HH!  ’!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  H!i!  H!!!  !!H! !!!!!  HH!  !HH  HH!  HH! !!!!!  HH!  !!H!  H!H  !HH 

HH!  HH! !!!!! !!!!!  H!i!  !!H!  !!!!HHH !!!!!  !H!! !!!!!  H!H  i!H! !!!!!  !HH  !H!!  HH!  HH! !!!!!  HIH !!!!!  IHH  HH!  HH!  HH! 

IHH !!!!!  HH!  HH!  HHI  HHI  IHH  HH! !!!!! !!!!! !!!!!  HH! !!!!! !!!!! !!!!!  !HH  HiH  HIH  HIH  HH!  HU!  IHH  IHHH!!!  HIH 

HIH  HH!  HH!  HH!  HH! !!!!!  HIH  HH! !!!!!  ii!!! !!!!!  HH! !!!!!  !H!! !!!!!  HH!  HiH  HH!  !HH  IHH  HH!  HH!  HH!  HIH  HH! 

m  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Hiii  iHH  iiiii  HiH^iHHiHHWHHHiiHHiiHiHffi 
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CARBON  DIOXIDE  AT  0.01  ATMOSPHERE  PRESSURE 
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.  UHi  liiii  iilii  liili  iMii  Mill  inii  iiiii  iiiH  iiiii  iiili  inn  nni  inn  in 

I  jijll  iiiii  iiiii  iiiii  iiiii  iiiii  iiin  iiiii  inii  iiiii  iiiii  inn  iiiii  iiiii  iji 

!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iii 


.  nin  ni.n  iMn  inn  i.iin  inn  inn  iiiii  iiiii  iiiii  nni  inn  ijiii  |||||  ||| 
.  iiiii  iiiii  jilji  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiji  iiiii  iiiii  iiiii  ill 
,  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iii 


1 » 

!« 

I 

i 

i 

i 

I 
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IIIII  IIIII  IIIII  mil  IIIII  IIIII  niii  mil  mil  iim  mii  inn  iini  mu  iii 
iiiii  iiiii  ijiii  iiiii  iiiii  iiiii  iiiii  iiiii  Iiiii  iiiii  iiiii  iju'i  iiiii  iiiu~  iii 
iiiii  iiiii  ijjii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  ijiii  iiiji  ijjjj  ijjjj  jjj 
mil  IIIII  mu  mu.  >uu  >uu  um  imi  luu  mui  uu'  mu*  mu  uui  >|f 
iiiii  iiiii  ijiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Iiiii  iii 
iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iii 

jjjj.  jj-.-  -j-.j  j-jj-  -j. 


um  luu  11111  um  nm  luu  luu  >mu  mum  m^m  m'm  mm*  m' 

imi  ijiii  iiiii  iijii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iii 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  jiiii  ijiii  jjj 


iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  liiii  iii 


.  mu  MM>.  M|!M  MM>  MMI  MM'  MIU  ^ITu  M>M  MU'  MJM  MU'  MM.i.  IMM  IMU  'M.M  MM|!  lUU  MMI  UIM  M.UI  jUM  MU'  >MM 
.  iiiii  mil  ijiii  iiiii  iiiii  iiiii  imi  iiiii  iiiu  iiiii  iiiij  iiiii  umI  uiu  iiiii  uiii  iiiii  iiiii  iiiii  iiiii  iiiii  jiiii  jiiii  iiiii  iiiji 
!  jijji  iiiij  jjjjj  jjjjj  jjiii  jjjjj  jjjjj  jjjij  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  ijjjj  jjjjj  ijjjj  ijjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj 

.  lUU  MMI  MMI  Mill  Mill  Mill  UMI  Mill  Mill  IMM  Mill  Mill  Mill  MMI  Mill  IMM  Mill  M.MI  HIM  Mill  IMM  Mill  MMI'  HIM  Mill 
.  iiiii  iiiii  ijjjj  iiiii  jiiii  iiiii  iiiii  jjjjj  ijjjj  jjjji  jjjjj  jiiii  jjjjj  jjiii  jjjij  iiiji  jjiii  jjjjj  iijjj  jjjij  jjjjj  jiiii  jjjjj  iiiii  jjjjj 
,  iiiii  iiiii  ijjii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iijii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiij  iiiii  iijii  iiiii  iiiii  iiiii  iiiii  iijii 
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mu  Mill  HIM  MMI  IMII  MMI  Mill  M.MI  MMI  Mill  Mill  MMI  Mill  MMI  IMM  MMI  Mill  IMM.  Mill  MM.I  HIM  MMI  Mill  UMI  HIM 

iiiii  ijiii  iiiii  ijjii  iiiii  ijjji  jiiii  iiiii  iiiii  jiiii  iiiii  iiiii  iiiii  iiiii  ijiii  iiiii  jiiii  iiiii  iiiii  iiiii  jiiii  iijii  iiiii  iiiii  iiiii 

jjjjj  jjjjj  jjjjj  jjjjj  ijjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjjj  jjjij  jjjjj 

*MM  Mill  IIM*  IIIII  IIIII  mil  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  IIIII  iim  mil  iiiii  iiiii  him 

ijiii  iiiji  iiiii  iiiij  iiiii  ijjitjijij  jjjij  iijjj  jiiii  ijjjj  iiiij  jjjji  iiiii  ijiii  iijjj  iiijj  jjjjj  jjjjj  jjjii  iijij  jiiii  iiijj  iiiii  iiiii 

lijij  jjjjj  jjjji  jjiii  mi*  iim  jiij*  jjjii  iiijj  jiiij  ijjjj  iiiji  jjiji  iiiii  jiiii  iijij  iiiii  ijjjj  jiiji  iiiii  ijiji  jiiij  jjjii  ijiji  jijii 


nU.i  lUM  Mill  Mill  ||M|  mil  MM* *****  *M** ***** ***** ***** ***** ***** *****  ****|  **|||  *****  ***||  |||**  *M|* *****  |**M  *UM  *|M* 

iiiij  iiiii  iijii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  mii  iiiii  iiiii  iiiii  iiiii  iiiii 

mu  *****  *M*i  *>ni  lint  iiin  inn  mmi  nin  inn  inn  inn  nni  nisi  inn  niit  inn  11*11  um  mn  nin  i*m  mmi  mm*  M**i 

22332  iitii  um  :mi  mu  um  mu  um  uui  mu  u^u  mu  iuu  um  mu  mu  uiu  um  mu  um  uui  um  j22j2  mii 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 
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CARION  DIOXIDE  AT  1 00  aTMOSEHERE  PRESSURE 

T-aoorx  averaged  over  20  c*-' 


!!!!! !!!!! !!!!! !!!!!  HH! !!»!  »«! !!!!! «!!! !!!!! !!!!! ! 
Mjn  mu  mn  mim  Hqi  mw  hm!  m\\  VAil  I 
!!!!! !!!!! !!!!! !!!!! !!!!!  IM  !!!!! !!!!! !!!!!  m  I!!!! ! 
MMI  MHI  UIM  4MM  4MM  MH4  44444  44444  44444  44!<!  !S44>  i 

44444  44444  44444  44444  44444  44444  44444  44444  44444  4;4i4  <4j>4 1 

!!!li  !!!!!  !!!!!  !!!!!  ill!!  Hill  liili  iil!!  !!!!!  !!!!!  ! 

iiiii  illii  Hill  iilll  iiili  iiiii  Hill  Hill  HHi  ilHI  IliH  i 

iiiii  iiiii  iiiii  iiiii  . 

mill  jiiH  !|iii  mii  niii  iii|i  i|iii  um  mil  \ 

HH! !!!!? !!!«  !!«?  I!!!?  ?!!«  !?ii! !!!!!  M  IM  liil! ! 


!!H! !!!!! !!!!!  !!!!4 1HH  \\m !!!!! !!!!! «!!! 
44444  44444  41444  44444  44444  44444  44444  4!4!!  !4!!! 
!!!!! !!!!! !!!!! !!!!!  !!Hi  m\ !!!!!  Ml !!!!! 

!H44  4.!444  !4!|4  44444  44444  44444  44!44  4444! 
44444  44444  44444  44444  44444  44444  44444  44444  44444 

!!!!! !!!!! !!!!!  Iiiii  IIIII  lll!l  IIIII  IIIII  IIIII 

[  ||H4 14414 14444.44144  44444  44444  44444  44444  44444 
iiiii  iijil  44444  44444  44444  iiiii  iiiii  iiiii  iiiii 


44444  44444 


!!!!!  !!!!!  ' 
iiiii  iiiii  1 


44444  44444  44444  44444  14444  44444  44441  Hii!  i\ia  44444  44Hi  44444  44444  44444  41444  44444  44444  44444  44444  41444 


!!!!!  !!!!!  !!!!!  m 

Hill  11411  Hill  HH!  Hill 

an:  iua  ma  um 

!!!?!  !!?!!  51!!!  !!!!!  !!!!! 


^s!!!  !!!!!  !!!!! 
M4M  44441  44444 


44444  44444  44444  44444  I 


I  14144  14444  44444 

i  iiiii  iiiii  iiiii 


44444  44444  44444  44444  I 

iiiii  iiiii  iiiii  iiiii  1 
iiiii  iiiii  iiiii  iiiii  I 


IIIII  IIIII  IIIII  IIKi  IlSii  IIIII  IIIII  HHI  Hill  HH:  lili:  Hill  IIIII  HHI  HHI  HH!  HHI  HHI  HHI 

:::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  :::::  ::::: 

lili!  44144  44144  44444  14444  44144  44414  44141  44444  Ij!!:  siiil  441:4  jHH.  44444  44444  44444  44444  44444  44444 

iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 


am  mu  Hif! 


(Hii  iiiii  iiiii  iiiii 


j  44144  44414  44444  44444  44414  44414  41444  44444  44444  41411  iiiii  IHil  iii!4  44444  44444  44444  44444  44444  44444  44414  44441  44441  44141  44444  44444 

3  «!!! !!!!!  ”!«  iiii! «!!!!  iiiii  iiiii  iiiii !!!!!  illii !!!!! !«« 

-  !!!!! !!!!! !!!!! !!!!!  i!!!! !!!!! !!!!! !!!!! !!!!! !!!!!  111!! !!!!! !!!!! !!!!! !!!!! !!!!!  !!!i! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! !!!!! 

.  m\\  ««! !»!« 4!!H  44414  44455  !5{!5  44444  44444  «l\]  15552  !4j!4 1!!!!  4!554  44444  44444  4!444  44444  44144  44554  44444  44444  44444  44544  44444 

-  45544  45445  44444  !5!!4  5i444  44!i|  5555!  ii44i  44444  !!>!!  !!f54  54!!4  5555!  m!!  54444  44444  44444  44444  44444  44444  44444  lili!  45I54  44444  44444 

>  !!5!5  5555!  55555  55555  !!5!!  55555  55555  5555!  5555!  55555  :!55!  55555  51555  55555  55555  55555  5555!  55555  55555  !!555  55555  55555  55555  5555!  55555 

*  55555  5!!5!  55555  555!!  55555  5!!!5  55!!!  55555  5555!  55551  55555  5!!!5  55151  55555  55555  55555  5555!  55555  55555  55555  55555  5555!  5!!!5  !!5!!  55555 

.  !!!!5  !!!5!  !!!55  !!!55  !5!!5  5555!  5555!  5555!  55555  55555  !!!!!  55555  !5!5!  55515  55555  55555  55555  !!5!!  !5!5!  !!55!  5!!5!  55555  !!!!5  !!555  555!! 

I  !!!!!  !!!5!  55555  5555!  5!!5!  55151  55555  55551  55555  51511  555!!  55!!!  55555  11555  51555  55155  55555  55555  !!5!!  !5!!5  555!!  55555  55555  55555  55555 

,  IM44  44444  44544  44444  44441  44545  45554  44554  45454  44444  44544  54445  54444  55444  4544!  44454  44454  55444  44444  44444  44444  44444  44444  44444  44444 

I  55555  55555  55555  55555  5!!!5  5!!55  5S55!  il!!!  51155  5555!  !5!5!  555!!  55555  55515  55515  55515  55555  55555  55555  55555  55555  !!555  5555!  5!!5!  5555! 

I  !!!55  55555  55555  55555  55555  1555!  55551  55551  15555  55555  55555  55555  555!!  5515!  55555  55555  5555!  55555  15555  5555!  5!!5!  5555!  5!!!5  5!!!!  55555 

.  HHI  11141  HHI  HHI  Hill  HHI  HHi  HHI  HHI  HHi  HHI  Hill  11441  IHil  iiii!  HHi  ilHi  4llii  IIIII  HHI  iilll  HHi  14144  4H44  I4H4 

I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  am  am  am  ma  am  iaa  am  am  am  am  ^3^33  3^333  j3j33 

I  iiii!  Iiiii  liiH  lisn  iiiSi  iiHi  uiS:  Msii  iiiii  iiiii  mil  iiiii  iim  iim  inii  imi  iiiii  imi  mu  iim  liiu  iisii  iiiii  iiiii 

I  .i3jj.3  ma  a:a  am  aia  am  ma  am  am  ma  am  ma  aa-'-  ma  am  am  am  am  am  ma  iaa  am  j3j33  :ji3u 

•  mil  Uii*  iHu  mil  tim  smi  lim  istii  iiiii  mu  imi  mu  Km  mu  luu  sun  ihss  $mi  nm  mu  mu  um  iuu  mu  um 

I  am  am  am  ma  am  am  am  am  am  ma  am  aa'  -am  am  am  am  am  ma  ma  am  ma  am  am  am  am 

I  M  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  lii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii 


3  !««  !!!!5  5555!  5<5!!  5555^  45444  45544  54444  4444?  44445  ««!  «M4  44444  44544  44444  44454  54444  44454  44444  44445  !!!« 

3  <!!!!  55555  55155  5555<  <<<<<  M444  44444  44444  44444  44444  44444  44444  44444'  44444  44444  i4444  44444  44444'  54444  45444  44444 

■  !!!!!  55555  55555  55555  5555!  5555!  !5!!5  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  4!i55  55555  55555  55555  5i55i  55555  55555 

■  55555  5555!  55555  555!!  55555  55!!!  !5!!5  55555  5|555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  !!!!!  55555 

-  <5<*t  *!!!!  5155!  55515  55555  <H44  44445  44444  44444  54444  44444  44444  44444  44444  54544  44444  44444  44444  44444  44454  44454  44444  45545  44444  55454 

•  555!!  55555  5555!  55551  5!!55  55555  55555  5555!  55555  55!!!  !!!!!  !!!!!  i!!!!  !!!!!  55!!!  !!!!!  !!!!!  55555  55555  !!!!!  55555  !!5!5  !!!!!  5!!5!  !5!!! 

•  !!!!5  55555  55555  55511  55!!!  555I5  !!!!5  5!!!5  !5!5!  !!!5!  55555  55555  5555!  !!!!!  5I555  555!!  !!555  5555!  !!!!!  !!555  !5!!!  !!!!!  !!!!!  !!!!5  B!H 

•  55H5  55I5!  5515!  55555  !!5!5  !5!!5  !!51!  5555!  5555!  55!!!  5555!  !!5!!  !!!!!  !!!!!  55!!!  !5!5!  55555  55555  55555  55555  55555  55555  55555  55555  5H55 

I  555!!  5555!  55555  55555  55555  !!!5!  5515!  55555  55555  555!!  !!5!5  55555  55555  55555  55555  5555!  55555  55555  55555  55555  55555  55555  5fl55  55555  55555 

I  !!!5!  55!!!  55555  555!!  15555  55555  5555!  55!!!  5555!  !!5!5  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555 

I  555!!  55B!  !5!5!  5!!5!  55»!  11555  !!5!5  55555  !!!!!  55555  5!!!!  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  555H 

I  B555  5555!  55555  5555!  55555  5555!  555!!  555!!  5555!  555!!  55555  55555  5555!  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555  55555 

I  55555  55555  5H55  5H55  55555  55555  55555  i!!!5  !5!i!  55555  !!!!5  555!! !!!!! !«!!  5!!55 «!!!  5555!  55555  55555  55555  55555  555H  55555  55555  55555 

I  55555  55555  55555  55555  5555!  555!!  5!!55  55555  55555  !5!!5  55555  55555  55555  55555  55555  55555  55555  5555!  55555  55555  55555  5n55  55555  5955  9555 

I  595!  5195  5559  5!!!5  55555  5559  5555S  5559  995  995  599  559!  55555  5559  55555  55555  5559  55555  9555  5559  959  5559  995  5559  9!!5 

,  iaa  »»]  HHi  HHi  HHi  iiiii  HHi  HHi  iH^  Hiil  iHii  iHII  Hi  iiffi  Hiii  iH  ^  fflfi  iffli  HiH  ilHi  HHi  iP  ^i 
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CARtON  nOXIQE  AT  TOO  ATMOSRHHE  PRESSURE 

T-aooPK  avhageo  ova  20  c«-' 
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CARBON  MOXIDC  AT  0.05  ATMOSfHERE  MESSURE 

T-SOCTK  averaged  over  20  Cai-' 


: 

a 


I « 

!• 

i 

I 

I 

I 

I 

I  _ 

.  inii  iiiii  HHi  iini  inii  iihi  hhi  hhi  iiin  iiiii  laii  iiiii  MiM  ‘MM 

!  inij  Iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiin  iiiii  iini  iiiii  niii  'ii 

!  iiiii  iiiii  iiiii  iiiii  iiin  iiiii  iiiii  iiiii  iiiii  iiin  iiiii  iiiii  iiiii  iiiii  iii 

.  in><  >!>)■  !M>>  ■>>)■  Min  ni-.i  nni  nin  inn  nni  inn  inn  inn  inn  ni 

.  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  Iiiii  Iiiii  IIIII  iiiii  Iiiii  niii  nili  iii 

,  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  inii  lim  mn  Iiiii  iii 

,  inn  nin  inn  Inn  inn  inn  inn  inn  inn  inn  inn  inn  niii  inn  in 

{ ,  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  ill 

I .  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiifi  iiiii  Iiiii  Iiiii  iiiii  iiiii  iiiii  iiiii  ill 

j  f  -----  -----  -----  -----  -----  -----  -----  ----- 

{ I  inn  inn  inn  inn  inn  nin  inn  inn  inn  inn  nni  nin  inn  nni  in 

’  I  iiiii  iiiii  iHii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iii 

I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  niii  iiiii  iiiii  iiiii  iii 

I  inn  inn  inn  inn  nin  inn  n.iii  nni  nin  inn  inn  inn  inn  inn  in 

I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iijii  iiiii  iiiii  iii 

I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iini  liiii  iiiii  ill 

I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iii 

.  inn  IIIII  inn  inn  nni  inn  niii  inn  inn  inn  inn  inn  inn  inn  inn  inn  inn  inn  inn  nni  inn  inn  nni  inn  i|ni 

^  inii  11111  iini  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

-  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

.  inn  i;ni  inn  inn  inn  niii  inn  niii  inn  nin  nni  inn  inn  inii  inii  ini*  iiin  nni  inii  nni  nji;  ii!!i  inii  in;!  iii!! 

.  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii;  ;;;;;  liiii  ;iiii  iiiii  ;i!!i 

•  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii!  ii!i!  iiiii  iiiii  iiiii  iiiii 

,  iiin  IIIII  inn  niii  inn  inn  ii!ii  niii  inn  inn  inn  iini  inn  i;ni  inn  inn  inn  inii  in;;  !!n!  !i;n  i;;;!  i;;;! !!!!;  in;; 
S ,  liiii  iiiii  iiiii  liiii  inn  ijiii  inii  iiiii  liiii  iiiii  iiii;  iiin  iiiii  iiiii  ilii;  liiii  iiiii  iiiii  iiii;  ifiii  iiiii  iH!<  i<i!!  iiiii  iiii! 

^  I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii 

} ,  IIIII  IIIII  inn  inn  inn  inn  inn  nni  inn  inn  nin  inn  niii  inn  inn  inn  ;!ni  nn;  inn  i!ni  iiii;  iiiii  ii!;i  iiii!  iin; 

‘  I  iiiii  iiii!  iiiii  iiiii  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  wiii  iiiii  iiiii  iiiii  iiiii  isii  iiiii 

I  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii  iiiii  iiiii  iiii!  iiiii  iiiii  iiifi  iiifj  iiii!  iiiii  iiiii  iiiii 

I  iiii!  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiii!  iiiii  iiiii  iiii!  iiii!  iiiii  iiiii  iiiii  iiiii  iiii!  i!Ui !!!!! !!!!!  iffl!  i!B!  iiiii  iffl! 

I  iiii!  iiiii  iiiii  iiiii  iiii!  iiiii  iiiii  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii  iiii!  iiii!  iiii!  Hi!! 

I  iiiii  iiii!  iiii!  iiii!  iiii!  iiiii  iiii!  iiii!  iiiii  iiiii  iiiii  iiiii  iiiii  iiii!  iiiii  iiiii  iiiii  iiii!  iiiii !!!!!  iiiii  ffli! !!!!!  fWi  M 

I  liiii  iiiii  iiiii  iiiii  iiHi  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  iiiii  i«ii  iiiii  iiiii  liiii  illll  1^  M  W  P  P 


O 


CARBON  DIOXIDE  AT  0.02  ATMOSPHERE  PRESSURE 
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CARBON  DIOXIDE  AT  050  ATMOSPHERE  PRESSURE 
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